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ABSTRACT 

The principles of optical isomerism were applied to a study of 
the stereochemical aspects of a novel class of organosulfur compounds, 
the chiral sulfonium ylid, The first synthesis of such an ylid was 
reported in 1968 by Darwish and Tomilson (9) when (-)-ethylmethyl- 
sulfonium phenacylid ((-)-5) was prepared from (-)-ethylmethylphenacyl- 
sulfonium perchlorate ((-)-15). 

Several reactions of (-)-5 which retained the chiral sulfonium 
center in the product were devised, These included: treatment with 
acetic anhydride to give (-)-ethylmethylsulfonium acetylbenzoylmethylid 
((-)-10); treatment with benzoic anhydride and phenyl isocyanate to give 
the corresponding methylids (~)-9 and (-)-11; and O-alkylation with 
dimethyl sulfate to give (+)-ethylmethyl-a-methoxy-fB-styrylsulfoniun 
methyl sulfate ((+)-13). Resolution of the corresponding (+)~13 using 
dibenzoyltartaric acid monohydrate as resolving agent gave the correspond~ 
ing (+) and(-)-vinyl perchlorates plus the unexpected products from 
the Michael-addition of methanol solvent to the vinyl-sulfonium salt, 
(-) and (+)-ethylmethyl-2,2-dimethoxy-2-phenylethylsulfonium perchlorate. 
The rates of racemization of these sulfonium ylids and salts were 
studied, The results of these kinetic studies are discussed in the 
light of current pyramidal inversion theories, 

The ability of chiral sulfonium ylids to effect an asymmetric 
transfer was tested by treatment of optically active ethylmethylsul- 
fonium p-nitrobenzylid ((+) and (-)-22) derived from (+) and (-)- 
ethylmethyl-p-nitrobenzylsulfonium perchlorate ((+) and (-)-21) 
with aldehydes and ketones, The ylid (-)-22 was found to undergo a 


nucleophilic reaction with benzaldehyde to provide trans~p-nitro- 
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stilbene oxide, however, the extent of asymmetric transfer was 
negligible as nearly racemic oxirane was obtained, The ylid (+)-22, 
in failing to react with ketones, underwent the Sommelet rearrangement 
to (+)-methyl a-(2-methyl-5-nitrophenyl)ethyl sulfide ((+)-34) and 
ethyl 2-methyl-5-nitrobenzyl sulfide (33). The Sommelet rearrangement 
of (R)-(+)-ethylmethyl-p-chlorobenzylsulfonium perchlorate provided 
the analogous chlorosulfides (+)-41 and 42, 

The efficiency of the asymmetric transfer in these Sommelet 
rearrangements was assessed by determining the enantiomeric and optical 
purities of (+)-34 and (+)-41, The enantiomeric purities of these 
sulfides, determined as their corresponding sulfones using the chiral 
shift reagent Bu(hfbe ) 5 were found to be 19.5 + 0.7. and 27.5 +1,2% 
respectively. These values of enantiomeric purity compared favourably 
with values of optical purity obtained by comparison of the specific 
rotations of the rearrangement derived sulfides with the absolute 
rotation of resolved samples obtained by independent methods, 

Examination of the reactive conformations of the benzylids from 
(R)-(+)-35 expected to lead to product and of the projections of the 
cyclic transition states from these conformations has permitted the 


sulfide (+)-41 to be assigned the S absolute configuration. 
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CHAPTER ONE 


INTRODUCTION ~ 


Studies in optical isomerism have contributed immensely to the 
understanding of organic stereochemistry. In order to probe reaction 
mechanisms, to devise chemical synthesis and to formulate conformational 
relationships, scientists have applied the classical principles of 
optical isomerism. This thesis will describe a study of some of the 
stereochemical aspects of a novel class of organosulfur compounds, 
the chiral sulfonium ylid, 

Before proceeding to the text, however, a short introduction to 
the history and principles of optical isomerism as applied to this 


research and of nomenclature of the sulfur compounds of interest is 


desirable, Several authors have recently published excellent texts 
and articles worthy of mention dealing with subjects related to 
optical isomerism: 

EB. L. Eliel, Stereochemistry of Carbon Compounds, McGraw-Hill, 
New York, 1962, 

K, Mislow, Introduction to Stereochemistry, Benjamin, New York, 
1965, 

K, Mislow and M, Raban, Stereoisomeric Relationships of Groups 
in Molecules, in Topics of Stereochemistry, Vol. 1, pp. 1 - Bay 
ed, EH, L, Eliel and N, L. Allinger, Interscience Pub, Inc., New 
York, 1967, 

J. D. Morrison and H, S, Mosher, Asymmetric Organic Reactions, 


Prentice-Hall, Inc., New Jersey, 1971. 


; -_ tp ™ 
a : poled 
at eh 
Wor AD 
7 i 


‘ ro 


a" 


ect 6 Yieatsat! Bacudixsa0o syed eaibraemat faobiqe wv 25 )ind ia 
nobieaes edétq of tebe ol .yriatmedonmeete piagyee » sant fF 2 


fanolterwb ines sinlurtl of bine sleshery SATEEN saiveb ot «niece a ' 


a 


bites fontend’> oft bstfaqe evga stats sine sai anatea 


%o Balt 


2 
aa 
i 
La 
t 
Le) 


efinmech If lw ekasht einr .wotrenmst Lo me 
- a 

efetinekes yocivesngess to esbin Level a elosges fentxork : bal 

Shy rateoriton tates orth 


‘ 
a% noldgotiow*nt Sroe w& ,rmsvqtdd., eXae. oe #5 ptheovateg ria'ted 


a4 habtaaz nofitekout Taukido Io esigtor _— fires yaad 


- oe oe i Pas 

: rie efitticwkon tities ant, ID) coutetorewas ya baal ces oue 
2 POTN 1, © ‘ hs pe he es ~ 7 
; 

* ‘ pr ye 4 guy 2 lev nT. ie re 127% +r) ah 

a? 760 +t, SAroliaild vidievor Svan stores tS795 Lice 

, “a a Y 

of fatale: wiositive nite, pitflesh solsges to Ytdzo W ate tua. 


eelgme vat Inst qr 
,L ewe, ,ehotiodase sedge 26 Viel norosazele ode isla a - 
a 
mee 
etxoY ot ,ntiatne® (e2¢atesicetees as no htm brett wolelt 
-----— -——-- -+~ < 


ee 


extins.) 35. ay feanothyh len stemesaaets eis ah fn 


Ht -~ 4 40 we ev « vvea ke. e fate erre pry 
REN -y.dNl dT apis: sinned aie Pri 


; ‘@ : bd 


1 
; ; i & 
71 aman so aan sorigoh 4% Hes oets 


of aes 
oe ey 


E, L, Eliel, Recent Advances in Stereochemical Nomenclature, 
J, Chem, Ed., 48, 163 (1971), 

S. H. Wilen, Resolving Agents and Resolution in Organic 
Chemistry, in Topics of Stereochemistry, Vol. 6, pp. 107 - 176, 
ed, HE, L. Bliel and N. L. Allinger, Interscience Pub. Inc., New 
York, 719726 

The historical events, definitions and examples mentioned in this 
introduction can be found in these references and are cited without 
specific referral either to the review or to the original publication, 

In 1815, J. B. Biot was the first to observe that solutions of 
some naturally occurring organic compounds rotated the plane of 
polarized light. The first resolution of a racemic modification into 
its optical enantiomers was accomplished by Louis Pasteur in 1848 by 
the mechanical separation of the two kinds of crystals of sodium 
ammonium tartrate formed during the slow evaporation of an aqueous 
solution of the salt at room temperature. As was later shown, had 
the ambient temperature during the evaporation been above oe a 
racemic compound would have precipitated rather than the gross mixture 
of crystals of each enantiomer, This earliest example of a resolution 
illustrates the subtle experimental conditions that a chemist sometimes 
encounters in establishing the necessary conditions to resolve a compound, 
As there are no assured methods of performing a particular resolution, 
an extensive series of pilot projects involving a trial and error 
approach using established techniques is usually required, 

The favoured approach to resolving a racemic modification involves 
the formation and separation of a diastereomeric mixture from an 


optically active resolving agent and the racemic compound, If, for 
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example, the racemate (+)-A is treated with (+)-B, the diastereomeric 
mixture of (+)-A(+)-B and (~)-A(+)-B is formed, As diastereoisoners 
are different compounds, their slightly different physical properties 
often facilitate their separation, The resolution is completed with 
the regeneration of the (+) and (-) enantiomers from their pure 
diastereoisomers, Diastereoisomers have most frequently been 
separated by the fractional crystallization of the less soluble 
isomer, Occasionally such an efficient separation occurs that the 
more soluble isomer can be readily obtained pure from the mother 
liquor of the original crystallization, Chromatographic separation of 
Giastereoisomers is being used in more specialized instances today, 
particularly with the improved instrumental technology available, 

The resolving agents most frequently employed are naturally 
occurring compounds or derivatives thereof. Many synthetic resolving 
agents in pure forms are now available to the modern chemist. The 
synthetic agents are often available in both isomeric forms thereby 
facilitating the resolution of both isomers of a racemate when recovery 
of the more soluble diastereoisomer during a fractional crystallization 
is inefficient, This principle of using enantiomeric resolving 
agents was Peeaenieed by Markwald in 1896, Diastereomer formation 
can involve the production of a salt, of a covalently bonded derivative 
such as an ester, or of complexes, The ester method has the disadvan- 
tage in that crystalline derivatives are less frequently encountered 


than for the salt method, Chromatographic resolutions can, however, 


be performed on the covalently bonded diastereoisomers, 
Partial resolutions of racemates have been achieved by the 


selective removal of one enantiomer during a reaction involving 
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diastereomeric transition states and by the faster cleavage of a 
particular diastereoisomer of a diastereomeric mixture to enrich 

the product with one enantiomer at the expense of the other, 

Of current interest today is the use of enzymes to effect these types 
of kinetic resolutions, 

The optical purity of a partially resolved compound can sometimes 
be increased by separating the racemate from the active isomer by 
repeated fractional crystallizations. Optical purity is defined as 
the specific rotation,[a], of a substance divided by the absolute 


rotation, [A], the specific rotation of the pure enantiomer, eq. [l]. 


[a] 


% optical purity = E00 [1] 


[A] 
Hnantiomeric purity refers to the excess of an enantiomer over its 
corresponding racemate as a percentage of the mixture as a whole, 
_ Hence values of enantiomeric purity and optical purity are the same 
for a compound as optical purity is simply an experimental measurement 
of the excess enantiomer. Two basic criteria for regarding a resolution 
as complete are the constancy of melting points and of optical rotations 
upon consecutive recrystallizations of the enantiomer and precursor 
diastereoisomer and equal and opposite absolute rotations for the two 
enantiomers, if available, In applying these criteria the chemical 
purity of the samples must be assured as impurities that may not have 
been removed from the sample during the resolution can bias the optical 


rotation measurements, 


Spectroscopic methods of determining enantiomeric purity which 
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are fast and reliable are increasingly important today. The progress 
of a resolution can be monitored by observing the disappearence of one 
set of absorptions in the N.M,.R. spectra due to diastereotopic atoms 

of a mixture, Enantiomeric purity can be determined by quantitatively 
converting an enantiomeric mixture to a diastereomeric mixture by 

use of a chiral reagent and recording the N,M.R. spectrum of the pro- 
duct, Assuming care is taken to prevent enantiomeric or diastereomeric 
enrichment during this procedure, the relative integrations of the 
diastereotopic protons indicate the enantiomeric purity of the original 
mixture, The diastereoisomers formed can be covalently bonded molecules 
or transient complexes distinguishable on the N.M,R, time scale, The 
N.M.R. method of analysis in many instances eliminates the sometimes 
tedious and expensive procedure of determining optical purity by 

the classical method of comparison with authentic samples that often 
must be synthesized, 

The successful resolution of a chiral molecule requires that the 
enantiomer be optically (enantiomerically) stable at normal operating 
conditions, No racemization should occur during the regeneration of 
the enantiomers from the resolved diastereoisomers, Racemization 
is a process of interconverting one enantiomer to its partner whereby, 
in time, a racemic modification is produced, Racemization occurs upon 
the reversible production of a symmetrical intermediate such that the 
stereochemical integrity of the center of chirality is lost. A racemiza- 
tion process is often followed by observing the loss of optical 
activity of solutions of the chiral substrate. However, the rate of 
loss of optical activity cannot be equated with the rate of racemization 


if the chiral substrate undergoes decomposition to products other than 
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its enantiomer, 

The origin of optically active compounds is a fascinating subject 
that has likely been discussed since the earliest observation of 
optical activity. Optical activity is now recognized to be such an 
inherent feature of life that the failure of other planets to yield 
active material may be taken as evidence for the absence of life of 
complexity comparable with the earth's (1), There have been a few 
examples of the spontaneous resolution of racemates into their optical 
isomers; however, in all but a recent case, the inabliity to obtain 
experimentally nearly equal distributions of enantiomorphs suggested 
there to be some undefined dissymmetric influence affecting the 
crystallization process, R, E, Pincock, et al have recently described 
the spontaneous generation of optically active (+) and (-)-1,1'- 
binaphthyl upon crystallization of the active isomers from the racemate's 
melt (2). Thus, in two hundred crystallizations, the sum of the 
observed specific rotations was la] £99 zug at while the maximum 
observed rotations were [a] wa9 4206 and 208°, In practical terms, 
it remains that an asymmetric environment is required to effect an 
asymmetric synthesis, as a synthesis of chiral molecules in the total 
absence of an asymmetric physical environment is expected to produce 
a racemic modification, Mosher defines an asymmetric synthesis as a 
reaction in which an achiral unit in an ensemble of substrate 
molecules is converted by a reaction into a chiral unit in such a manner 
that stereoisomeric products are produced in unequal amounts, This 
definition is in principle the same as that originally proposed by 


Marckwald in 1904, 


 o¥tf Ye sovents 24s at Junta tal wi ste 
wet a need Gyan Stent 4 CS) =" sree atdemgane #8 
thotdya ties ciel eptantoar Fo shill eae wt 
ndagdo Od yrithddnd wits oa, tie 8 he ak rind 
heir ray Stare bieet’ te sin tabhediets cole poe yeti 
na Mkaoatitn nmi Tis), oes eee et 

bod Seneeli fies wat Gerdes ,.toqants 2 Ve voustohe, oppdeutitetays® i 
-'t, t=(=) fan. (+) ‘oviene iftenitye Ye nb leas ane aaniige alee a 
s‘tfectoer ott now? szemes bbs £40 3s Mee Gog Leteetgeatir - 

ef To aud ad? ,onolvenLifetagss Poruaua ous aE veut? (8) deer 

bietxtk ott sree , S004 eo! af atv afot¢ntot ottiosge tevrendo 
cHue? Jettsneta o2. « “hy brs aise cag) Siok enaldaders Bersbade §.| 

On spelt of botlener =f. /oeneoaipad Ofreamyaa aD Sool? vitae FB” i 

Ladot até af ‘célosalom Tous Ww Ghai s ea Lateastegs oti _ 
solints iF bedosyko ef Jihsninzives lee lugehy Sterner ee ae 7 
B aa alendyaye oivisanyee 4a Sect lap ‘tedyol | fetdeot ing a ee a 
eiestedon te 4laadite ta a! oom Raskin We dntce ot muitpoeet 
deatss 5 pows mt jitter lexidi w ofp obioars 2 WV bepeseann ot aeeeeto 
aluf) ,sinmae (euppmo al people. vse. erty atewenstinees all | 


Although nature is well known to synthesize many enantiomers to 
the exclusion of their isomers, the chemist only occasionally accomplishes 
this in a laboratory synthesis, Per cent asymmetric synthesis is de- 
fined as the extent to which one enantiomer is produced in excess over 
the other and is numerically equal to optical purity or diastereomeric 
purity, The ability of a chiral center to induce a particular geometry 
at a nearby developing center of chirality in an asymmetric synthesis 
has been related to the stereochemical and electronic effects of the 
inducing chiral center on the environment at the new center, Ina 
self-immolative reaction, in which an inducing centeris destroyed 
at the same time that a new chiral center is formed, the enantiomeric 
ratio of products is attributed to the energy differences of the 
diastereomeric transition states leading to each enantiomer as there 
are no free energy differences in either the products or the reactants, 
see Figure I, Therefore, the greater the free energy difference of 
the transition states, the higher the efficiency of the asymmetric 


transfer, 


reactants 


free energy 


reaction coordinate 


Figure 1, Energy profile for a self-immolative reaction. 


citeminy. seiwintrany 2 obwhnt of za! + ot en 
aivefiiaye oi cremmay ne At eiitaqras sulk . <ien mae 
nat fo testis oinvsfoals Ene tad hendepeteds sot 08 Sabet = | ri 
Gs Gai team mee 
Heversueh 2f gisaoe Sotoapaly Pi Bite anes 7 - . 
nizost terete ait Reem af a ants vere. a Seet ooh? ona wht te fat 
eit, 76 Ae NeTS IIS, (oewhe BUS OT} ache i proeeen ania ; 
ane cx Vay Lira Sane oe i rloni mae vi beehie otepareaieath 
athadages ont Tm etollinny Welt Seas ee panes res see 
to onere Vb ppt 40 beat 9H) ethos wes tii al 


rr. Wee att ls Mipalolses any tidpiet oad ovate aud mmeat at 


ant) wredtss Wal sft Se shania salad 


— 


Pasteur realized that the activity of a compound was caused by 
the asymmetric arrangement of atoms in the molecule. J. A. LeBel and 
J. A. van't Hoff in 1874 explained the optical activity of many organic 
compounds as a consequence of a tetrahedral, asymmetrically substituted 
carbon atom, Hmil Fischer in 1890 developed the projection formula 
to represent asymmetrically substituted atoms, Not until 1951 was the 
sign of rotation of an enantiomer correlated with its absolute 
configuration when J, M, Bijvoet determined the structure of sodium 
rubidium tartrate by X-ray crystallography, Prior to then, the 
structural correlations had been arbitrarily assigned based on (+)- 
glyceraldehyde having the R configuration, Fortuitously, the assign- 
ment of absolute configuration had been correct, A correlative method 
of determining configuration involves the comparison of a compound with 
that of another whose configuration and sign of rotation are known, 
The comparison often requires a chemical degradation of one of the pair 
in a series of reactions not involving the asymmetric center or 
involving the center only in a predictable manner. Absolute configuration 
has also been assigned from reactions involving asymmetric synthesis 
ana kinetic resolutions based on the known stereochemical effects of 
substitent groups on an asymmetrically substituted carbon atom. 

The R~S configurational nomenclature referred to is that proposed 
by Cahn, Ingold and Prelog for the systematic recording of the absolute 


configuration of chiral molecules, This system has been extended by 


K, R. Hanson to designate paired stereoheterotopic ligands of a tetra- 
hedrally substituted atom such as the hydrogen atoms of the methylene 
carbon of ethanol. These hydrogens are designated as pro-R (H,) and 


pro-s (H,) and the carbon center as a prochiral center, An assembly is 
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prochiral if a chiral assembly is obtained when a ligand in a non-chiral 
assembly is replaced by a new ligand, Thus a pro-R ligand is that which 
upon elevation in priority gives the R configuration, Hanson has also 
provided a system for designating the two faces of a trigonal atom such 
as that of acetaldehyde. If the priority sequence of the ligands start- 
ing with the ligand of highest priority is seen to be clockwise, then 
the re face of the trigonal atom is observed; if anticlockwise, then 

the si face is observed. These latter rules are not concerned with 

the chirality of the products of any reaction involving a trigonal atom, 
but only with the topology of the molecule containing such an atom, 


The nomenclature systems are illustrated below: 


H D0 H 
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As indicated, these basic concepts of optical isomerism were 
applied to a study of the stereochemical properties of sulfonium 
ylids, A. W. Johnson in the introduction to his book Ylid Chemistry 
outlines the various nomenclature systems used by various authors in 
the literature (3). The word ylid is derived from the ending yl 
which implies an open valency, i. e. methyl, benzyl, benzoyl, etc., 
and the ending id implying anionic character, i, @, methide, Therefore 
a sulfonium ylid is defined as a compound containing a carbanion which 


is directly substituted with a positively charged sulfonium group, eq. [2] - 
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The suffix ylene has been used in specific reference to the resonance 
structure 1b in which the sulfur valency has been expanded to 10 electrons 
thus implying partial double bond character, A third system is based on 
the hypothetical fully substituted neutral species SH) sulfurane, 


As an example of these nomenclature systems the compound 2 is named: 


a: diphenylsulfonium methylid 

b: diphenylsulfonium methylene 

c: diphenylsulfuranylmethane or diphenylmethylenesulfurane 
Although the last system is favoured by A. W. Johnson, the first 
nomenclature system has been adopted exclusively in this thesis: 
first, as it is the classical system; but more importantly, as it 
more readily denotes the asymmetry and nucleophilicity inherent in 
these types of compounds, 

In Chapter Two, some reactions of a crystalline optically active 
sulfonium ylid will be discussed, Several new ylids were synthesized 
and a study of their optical stability performed. The third chapter 
will describe the use of reactive chiral sulfonium ylids as agents 
capable of asymmetric transfer, Finally, Chapter Four concludes 
experiments on asymmetric induction by determining the extent of 
asymmetric transfer in the Sommelet rearrangement of two benzyl 


sulfonium salts, 
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CHAPTER TWO 
OPTICALLY ACTIVE SULFONIUM YLIDS 
Introduction 

The first sulfonium ylid, dimethylsulfonium fluorenylid was 
prepared by Ingold (4) in 1930 by the reaction of the conjugate acid 
bromide with base. A number of stable sulfonium ylids have been 
prepared since 1930, the chemical properties of which have been exten- 
sively studied (3). 

Although the first resolution of a sulfonium salt was reported 
by Pope and Peachey (5) in 1900, failures in resolving sulfonium 
ylids were reported as late as 1966, Nozaki, et al (6), for example, 
obtained racemic methylphenylsulfonium p-iodophenacylid upon basic 
treatment of (-)-p-iodophenacy1methylphenylsulf onium picrate, 

The pyramidal configuration of sulfonium ylids has been confirmed 
by N.M.R. spectroscopy (7) and X-ray crystallography studies (8). 

The N.M.R. spectra of 3 showed the methylene protons of the 5-benzyl 


fo) 
groups of be non-equivalent, hence diastereotopic, even at 100 (7b). 
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Nozaki, et al (7c) reported an N.M.R. spectral study of dimethyl- 
sulfonium diacetylmethylid 4, This compound exhibited magnetic 
equivalence of the two acetyl-methyl groups at room temperature, However 
they became differentiated at lower temperatures, the coalescence 
temperature being ca, Bes y This result was interpreted as evidence 
for a rapid exchange of 4a and 4b at room temperature, with the exchange 


being slowed down considerably at lower temperatures. The exchange 
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was suggested to occur through either internal rotation around the 
S—C bond or inversion at the sulfur pyramid with the authors favouring 
the latter, The average life time of each conformer was estimated to 


be ca. 0,02 seconds at 425, 
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Recently, Darwish and Tomilson (9) reported — preparation and 
facile racemization via pyramidal inversion of (-)-ethylmethylsulf onium 
phenacylid (-)-5. The ylid (-)-5 was found to have a half-life of 
racemization of ca. 30 minutes at 50m in benzene, In view of this 
latter report, Nozaki's interpretation of the kinetic process studied 
in 4 appears to be incorrect. That is, it seems unlikely that pyramidal 
inversion in 4 could be occurring at such a rapid rate. However, one 
might be able to rationalize it on the following basis. The rates 
on pyramidal inversion reactions in sulfonium salts are known to be 
susceptible to steric acceleration (10,11). If a diacylmethylid (as in 
4) was very much larger sterically than a phenacylid (as in 5), an 
analagous steric factor in sulfonium ylids might result in a much 
faster pyramidal inversion for 4 than for 5. Furthermore, the pyramid 
of 4 may have assumed a more planar arrangement because of stabilization 
due to the coulombic interactions between the electron-rich oxygen atoms 
of the diacylmethylid and the positive sulfur atom as indicated in 4a 
and Kb, thereby lowering the activation energy for pyramidal inversion, 
It was desirable therefore to prepare derivatives of (~)-5 which would 


test Nozaki's interpretation of the kinetic process involved, 
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Synthesis and Resolution 
(-)-Ethylmethylsulfonium phenacylid ((-)-5) was prepared accord- 


ing to the procedure of Darwish and Tomilson (9). Figure II outlines 


the route which was followed for the resolution procedure, 
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Figure II, Synthetic route to (-)-ethylmethylsulfonium phenacylid. 


(+)-Ethylmethylphenacylsulfonium bromide (6) was prepared by the 
reaction of phenacyl bromide with ethyl methyl sulfide in acetone solu- 
tion, The salt was precipitated as an oil upon the addition of ether, 
The racemic ylid was generated by basic treatment of the crude bromide 
salt and extraction of the basic solution with chloroform, The 
evaporation residue from the chloroform extracts was crystallized from 
a benzene-Skellysolve B solvent mixture to yield racemic ethylmethyl~ 


sulfonium phenacylid ((*)-5). 
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The ylid was resolved by the diastereomeric salt method using 
(-)-2(R) ,3(R)-dibenzoyltartaric acid monohydrate (HDBT) (12) as the 
resolving agent, Repeated crystallization of the diastereomeric salt 
mixture from methanol at Be gave the optically pure, less soluble 
(-)-ethylmethylphenacylsulf onium hydrogen 2(R),3(R)-dibenzoyltartrate 
(2279 (8) B, ~ 90.2 (c 0.56, methanol) (reported [a] fog - 88,2° 
(c 0.44, methanol) (13)). 

Treatment of the resolved DBT salt with dilute base, rapid workup 
and crystallization of the recovered oil yielded (-)-5, [a] e39 PaD16~ 
(c 0,419, benzene) (reported japeee = 137° (c 0.487, benzene) (9)). 
The observed rotation of the ylid was considerable higher than the 
previously reported value due to a more efficient resolution and 
isolation procedure, Other data supporting the structure of this 
compound compare with the reported data, Reactions of (-)-5 were 
conducted using material with specific rotations of ca. [0] S39 - 180 , 


as the final recrystallizations in the resolution were extremely tedious, 


Reactions of (-)-Ethylmethylsulfonium Phenacylid 

Sulfonium ylids react as nucleophilic reagents, Their reactivity 
is dependent upon the extent of stabilization of the carbanion portion 
of the ylids. Highly reactive ylids have been prepared by the alkylation 
of diarylsulfides followed by treatment of the resulting sulfonium salts 
with a base such as phenyl lithium (14), The reactivity of B-carbonyl 
stabilized sulfonium ylids has been studied by Johnson and Amel (15), 
They found a phenacylid to be considerably less reactive than a simple 


alkylid, In addition, the ambident character of the phenacylid 
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resulted in products of C- and O-alkylation, 

Figure III illustrates some reactions of dimethylsulfonium 
Phenacylid (8) (15). Equation [3] illustrates the C-benzoylation 
of the phenacylid with benzoic anhydride to yield a highly stabilized 
ylid. The ambident character of a phenacylid was demonstrated by 
reaction of 8 with benzoyl chloride, eq. [4]. The intermediate vinyl 
sulfonium ion was unstable in the presence of chloride ion and 
demethylated to yield an enol benzoate, The phenacylid 8 could also 
be C-alkylated, though in low yield, using benzyl bromide, eq, [5]. 
Here again, the intermediate sulfonium ion was unstable in the presence 
of bromide ion and only the demethylated product was observed. 

These reactions illustrated in Figure III were chosen as model 
reactions for the active sulfonium ylid (~)-5. The reaction conditions 
would, however, require some modification in order to ensure the 
isolation of optically active products. 

First, for the C-acylation reaction, the reaction time would have 
to be shortened from 43 hours. The reported rate of racemization of 
(-)=5 at 25° in CHCl, is 3,52 x 10°? seconds” (9), The starting 
material would have therefore a half-life of loss of optical activity 
of ca, 5$ hours in the absence of any reactants, Even if the desired 
product were to racemize at the same rate as (-)-5 it would have been 
impossible to isolate optically active material in the reaction time 
- reported, 

The reaction time was shortened by treating (-)-5 with 15 
equivalents benzoic anhydride in tetrahydrofuran (THF) at Dame The 


progress of the reaction was followed by studying the rate of loss of 


optical activity with time, Figure IV is a plot of log (o, - a,,) versus 
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Figure III, Reactions of dimethylsulfonium phenacylid. 
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time for the early stages of the reaction, The technique for studying 
the loss of optical activity is described later in this chapter in the 
sections entitled Kinetic Results and Experimental. From Figure IV 
it is seen that after 2700 seconds of reaction, the curve resembles 
that for a first-order rate. From 0 to 2700 seconds there is an 
initial curvature indicating departure from first-order analysis, 
During this time, reaction is occuring to give a product of different 
optical rotatory power than that of the starting material. The 
reaction preparing the new ylid was therefore judged to be complete 
after 3000 seconds or 50 minutes, The loss of optical activity was 
followed to zero rotation, Figure V shows a plot of log (a, - a.) 
versus time for this loss of optical activity after 2700 seconds, 
Upon complete loss of optical activity, the reaction mixture was diluted 
with chloroform and the mixture extracted several times with a 10% 
sodium hydroxide solution to destroy excess benzoic anhydride, 
The organic phase was washed with water, dried over magnesium sulfate 
and evaporated, The residual oil was titurated in Skellysolve B to 
yield crystalline (*+)-ethylmethylsulfonium dibenzoylmethylid ((+)-9), 
Optically active (~)-ethylmethylsulfonium dibenzoylmethylid ((-)-9) 
was prepared by treating (~)=5 with 15 equivalents benzoic anhydride 
in THF at room temperature for one hour, After a rapid workup, the 
residual oil was crystallized from chloroform=-Skellysolve B solvent 
mixture to yield (-)-9, [a] Bie ee coe (c 1.38, benzene) in 51% 
isolated yield, In a similar manner, (-)-ethylmethylsulfonium acetyl- 
benzoylmethylid ((~)-10), (2) 516 = 3048: (c 0,766, benzene) was 
prepared by the reaction of 15 equivalents of acetic anhydride with 


one equivalent of (~)-5 in benzene at room temperature for 45 minutes, 
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The ylid (-)=-5 was also treated with an equivalent of phenyl isocyanate 
in THF at room temperature for 15 minutes to yield after workup 
(-)-ethylmethylsulfonium benzoyl(N-phenylcarbanoyl)methylid ((-)-11), 
[a] 6 ~ 39.9" (c 0.727, benzene), 

The N.M.R, spectra of (-)-9 were found to be invariant at temperatures 
of + WO, we20e and) 407, However, the N.M.R, spectra of (~)-10 
changed significantly upon the lowering of the temperature, At + oe 
the acetyl-methyl signal was a sharp singlet at § 2.14, whereas 
at = 60° , the absorption had broadened to a signal centered at 6 2.35, 
All other resonances remained essentially the same, The spectra of 
(-)-10 are illustrated in Figure VI, These temperature variable spectra 
are similar to those recorded by Nozaki, et al (7c) for dimethylsul- 
fonium diacetylmethylid (4) and dimethylsulfonium acetylbenzoylmethylid 
(12), The interpretation of these spectral phenomena are presented 
later in this chapter, 

| Some physical constants and spectral properties of these new 
optically active sulfonium ylids are summarized in Table I. It 
is noted that the melting points reported in Table I for the active 
ylids are identical with those obtained for their racemates as 
reported in the experimental section. The identity of the melting 
points of the racemic and active isomers of the same ylid suggests 
that the ylids may have been racemizing during the heating process 
such that the melting points obtained are for racemic materials. 
Solid phase racemization was confirmed in that the active methylids 
9, 10 and 11 were completely racemized after storage for one year 
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Figure VI. N.M.R. spectra of (-)-ethylmethylsulfonium acetylbenzoyl- 

methylid ((-)-10) at + 40° (top) and - 60° (bottom) in CDCl, with 

TMS as internal standard, 


TABLE I 


PROPERTIES OF SOME ETHYIMETHYLSULFONIUM METHYLIDS 


Pim 
CH,CH _ 

Compound R ese @ [al sig TER AC. one N.M.R.°, 6 
(=)=9 CG gH CO (15) = 152), =31.9 © 1570 3.92, 3.24 
(-)-10 CH,CO 98 - 99 30.8 1605 DB rallye 0G 
(-)-11 CoH.NHCO 171 - 172 -39.9 1635 3297, 3.09 
(-)-5 H 83 = 85 tore if 1585 BIS6wS 800 


a: cca, 1, benzene. 

bs AS a nujol mull. 

Cheely cDCl,, chemical shifts of diastereotopic protons, 
d: (A 589 mu, c ca, 0.5, benzene. 
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Equations [4] and [5] illustrate reactions in which the initially 
formed sulfonium halides were unstable and underwent demethylation 
reactions, In order to obtain products with the sulfonium center 
preserved, it was thought that a reactant containing a leaving group 
which would be non-nucleophilic would be appropriate, It was hoped 
that the ambident character of the nucleophilic portion of the ylid 
would lead to specifically O-alkylated and C-alkylated salts under 
the appropriate reaction conditions, however only O-alkylated 
materials were obtained, 

When (-)-5 was treated with excess dimethyl sulfate in acetone for 
30 minutes at room temperature, a vinyl sulfonium salt was obtained, 
Z-(+)-ethylmethyl-a-methoxy-f-styrylsulfonium methyl sulfate ((+)-13), 
[0] 365 ~ 3.94" (c 5,2, methanol), The alkylation of 8 with trimethyl- 
oxonium tetrafluoroborate (Meerwin’s Reagent) has been reported to yield 
a Z/B mixture of the analagous salt in a ratio of 94/6 (16), The 
assignment of the Z configuration to (+)-13 is based upon these 
results reported by Caserio, et ale 

The ylid (+)-5 was treated with benzyl tosylate in THF at room 
temperature for twenty hours, The evaporation residue of the reaction 
mixture could not be crystallized from a methanol-ether solvent 
mixture, The N.M.R. spectrum of the oily product indicated the presence 
of two compounds while the Infrared spectrum showed a strong olefinic 


ae ak 


absorption at 1610 cm and a weaker carbonyl absorption at 1690 Chives 


To simplify the spectrum, the tosylate was converted to the perchlorate 
salt by anion exchange techniques. The perchlorate salt was crystallized 
as an 84/16 mixture of O-benzylated material 14 and ethylmethyl- 


phenacylsulfonium perchlorate (15). No resonances for C~alkylated 
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material were evident in the N.M.R. spectra of this perchlorate salt 
mixture, 

Figure VII summarizes the reactions of (-)-ethylmethylsulfonium 
phenacylid which retained the sulfonium functionality of the initial 
starting material, 

In order to obtain the active vinyl sulfonium salt 13 of higher 
specific rotation, the resolution of the salt via its DBT salt was 
attempted, Figure VIII outlines the procedure for the resolution 
of 13. Racemic 13 was dissolved in methanol, eluted through a 
Dowex 1 - X8 hydroxide exchange column and the eluate neutralized 
with an equimolar amount of HDBT, A diastereomeric salt mixture 
of ethylmethy1-2, 2-dimethoxy-2-phenylethylsulfonium hydrogen 
2(R),3(R)-dibenzoyltartrate (16) was obtained, an unexpected product 
of the Michael addition of the solvent across the vinyl sulfonium 
system, Repetition of this anion exchange reaction several times 
yielded varying amounts of the vinyl- and the Michael-addition 
sulfonium DBT salt, varying from pure vinyl 17 to pure Michael 16 
or to mixtures of the two in the first crop from the fractional 
crystallization, The Michael and vinyl salts were easily distinguished 
as the N,M.R. spectra of the two were signficantly different. The 
experimental conditions could not be established such that either 
salt could be obtained exclusively with predictability. The Michael 
addition DBT salt was not converted back to a mixture of vinyl and 
Michael addition salts upon anion exchange from DBT to perchlorate, 
A base catalyzed Michael addition of methanol across the double bond 


of an analagous vinyl sulfonium salt has recently been reported by 
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Figure VII, Some reactions of ethylmethylsulf onium phenacylid. 
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fractional crystallization 
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1) hydroxide exchange, methanol 
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3) fractional crystallization 
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Figure VIII, Resolution of ethylmethyl-a-methoxy-B-styrylsulf onium 
methyl sulfate. 
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If then, for the first crop, the anion was exchanged from DBT 
to perchlorate, a mixture of (-)-ethylmethyl-a-methoxy-g-styryl- 
sulfonium perchlorate ((-)-18), [al 365 Syctsad (c 0.716, methanol) 
and (+)-ethylmethy1-2, 2~-dimethoxy-2-phenylethylsulf onium perchlorate 
((+)-19), [a] 3% tae o (c 0.642, methanol) were obtained which were 
easily separated by the fractional crystallization of the vinyl salt 
(-)-18 from a methanol-ether solvent mixture. From the mother liquor, 
the Michael-addition salt (+)-19 precipitated upon the addition of 
excess ether and the cooling of the resulting mixture at - 10%6 In 
a similar manner the third crop of DBT salt from the resolution pro- 


re) 
cedure was converted to a mixture of (+)-18, [a] 545 +844 (c 0.842, 


R 
3 


Thus, although the resolution of the racemic 13 was complicated 


methanol) and (-)-19, [a] at - 5y16e (c 1.14, methanol), 

by a Side reaction leading to unexpected Michael-addition of solvent 
across the double bond, the vinyl perchorate eventually obtained from 

the resolution procedure was of higher molecular rotation, 10566 - 2762, 
(c 0.716, methanol) than the material obtained by alkylation of 

(-)-5 with dimethyl sulfate, (M565 + 12.6° (c 5.2, methanol). The 

yield of the vinyl salt was significantly reduced because of the 
unpredictable Michael-addition reaction. The Michael-addition product 


is a novel structure compared to previous optically active 


sulfonium salts resolved in these laboratories. 
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Kinetic Results 


The rate of loss of optical activity, k,, of the optically active 


a 
sulfonium ylids and salts were studied by following the disappearance 
of optical activity with time, A Perkin-Elmer Model 141 Polarimeter 
was used with incident light of wavelengths of 546 mu and 365 mu as 
required, The reactions were followed either in a thermostated 
polarimeter cell (method I) or by using a sealed ampoule technique 
(method II) as described in the experimental section of this chapter, 
Rotations were obtained directly from the digital readout of the 
instrument, with an infinity measurement taken after 10 half-lives 

of reaction, The first order rate constants were calculated from 

eqs [6] where a, isethe iuatialerotatvon, a, is the rotation at time t 
and a, is the infinity reading. Reactions were usually followed to 

Ca. 85% completion, Good first order rate constants were obtained, 

A straight line was obtained when log (a, -4,) was plotted versus time, 
Typical examples of these rate studies using Method I and Method II 
are summarized in Table II and Table III, respectively. ‘The 


corresponding plots of log (a, ~ a.) versus time are illustrated in 


Figure IX and Figure X, 
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TABL# IT 


RACEMIZATION OF (~)-ETHYLMETHYLSULFONIUM ACETYIBENZOYLMETHYLID (-)-10, 


0.0325 M IN BENZENE AT 50°, METHOD I, 


Time, ote Log (a, - a.) Log ( anproae 10° ky 
SeC, sec, 
0 0.199 -0,.7011 

60 0,187 ~0,7282 0.0271 1, 04 
120 0,176 -0, 7545 0.0534 1,02 
200 0,160 -0,7959 0.0948 1,09 
330 0,142 ~0,8477 0.1466 re0e 
450 0,123 -0,9101 0.2090 1,07 
620 0,102 -0,9914 0.2903 1,08 
780 0,088 ~1.0555 0.3544 05 
1080 0,062 -1, 2076 0.5065 1.08 
1520 0.038 -1,4202 0.7191 1,09 
7200 0,000 


Average k taverage deviation = Cle 06e2105072 ex 10i setae 


at A546 mu. 
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TABLE III 


RACEMIZATION OF (+)-ETHYLMETHYL~2, 2-DIMETH OXY-2-PHENYLETHYLSULFONIUM 


PERCHLORATE (+)-19, 0.0738 M IN METHANOL AT 25°, METHOD II. 


Time, aye Log (a, - a, ) Log ( aeaoe ) 10" 
10? sec, Sen 

0 0,086 -1,0655 

95 0,073 -1, 1367 0.0712 1373 
174 O00 lamie) apr 2127 0.1492 1,98 
431 0,041 -1,3872 0.3217 1.72 
Bly 0,030 ~1,5229 0.4574 1.94 
611 0.026 ~1,4850 0.5195 1.96 
718 0.021 -1,6778 0.6123 1.96 
1134 0.011 -1,9586 0.8931 Tyee 


+ average deviation = (1.87 +0.10) x 107° sec. 
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The rate constant Kyo the first order rate constant for the 
conversion of one enantiomer to the other by pyramidal inversion 
as illustrated in the scheme below, can be calculated from the rate 
of loss of optical activity Kye As the N,M.R. spectra of the 
evaporation residues obtained after ten half-lives of loss of optical 
activity were superimposible upon those for racemic materials, ks 
for these sulfonium ylids and salts were estimated to be very 
much smaller that Kye Therefore to an excellent approximation, 


k =k = @ék 


rac a a By 
CH.CH, 
A 
CH, \ ky 
™~Q -@ 
S——R <——— S ——R 
ae aN || 
¢ 
CH,CH,. 
CHy 
Ky ss 


rac sh a ad 


Table IV summarizes the racemization rate constants, Kae? for 
the sulfonium ylids studied in this chapter and Table V, those for 
the sulfonium salts, Values for related compounds are included for 
comparison, 

The effect of temperature on the racemization of the sulfonium 


ylids and salts was determined using eq. [8] , which was derived from 


the Arrhenius equation, eq. [7] (18), Substitution of the experimentally 


abalanes: 
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TABLE IV 


RATES OF RACEMIZATION OF SOME SULFONIUM YLIDS® IN BENZENE 


n 
cose @ © ye \\ ih 
ySZG 
CH,CH, \ 
Compound R [Ylid] aos Temp sc Lo ke neces ah 

(-)-9 CgH.CO 0.0463 0.147 50 Sse ce » Lae) 

0,0232 0.086 50 Saf cele 

0.0463 0.1089 25 2.27 + 0.07 
(-)-10 CHCO 0.0325 0.194 50 LOGm 2 

0,066 0,109 50 107 + 2 

0.0325 Oza? 25 4,40 + 0.07 
(-)=11 C gH NHCO 0,0232 0.290 50 PS eak see MONS. 

0.0232 0,290? 25 3.20 + 0.04 
(5a aat 0,018 50 hiss Cle 

0,021 25 ibpieyias 10). Jen 


at A546 mu, method I unless otherwise specified. 
b; A546 mu, method II. 
c: References (9) and (13). 
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TABLE V 


Cs 


RATES OF RACEMIZATION OF SOME ETHYLMETHYLSULFONIUM SALTS IN METHANOL™ 


CH,CH, 
S—-R 
CH. © ro) 
x 
Compound R x° [Salt] oa,° Tem, 10°k Pech 
On : PAC yg. : 
(+)-13 CHO, CH,50, 0,163" 0.179 50 1,93 +0,06 
Ct Os " 0.127 0.071 70 29,7 +1,5° 
(+)-18 " GTO Ss 0,072" Yovo7s Seutso® BrORt 0 a7 
" 0.078 0,101 WO 32180 2.0- 
(~)-19 CH .G( OCH, ) CH, C10, 0.112 0,158 50 5.264 0.09 
(+)-19 i z O21 10s 129 ay a) eee 
: 0,077 07091 50. 64+ + 0,02 
" " 0.074 0,101 25 0,187 + 0.010 
d 
(~)-15 C gH.COCH, C10, 0.020 LO MONG Yee tees saute 
" " 0,020 70 5.58+ 0,18 
(=) CoH. C10, 0,030 5O0gee 2 coe .0elda 
a: A365 mu, method I unless otherwise specified. 
b: Two equivalents of 2,6-lutidine added. 
c: A365 mu, method II, 
d: R, L, Tomilson and D, Darwish, references (9) and (13), 


C3 


C, E, Scott and D, Darwish, reference (11). 
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eee he B2/RT [7] 
ky Ba T, - qT, 

Ne ree \ aaa [8] 
ky Zs, 303R TT, 


determined Seta at the appropriate temperatures into equation [8] 
gives the energy of activation, For reactions in solution, the enthalpy 


of activation is given by eq. [9] (18). 


+ 
AH = Ea -RT [9] 


The entropy of activation is calculated from the Eyring equation, eq. [10], 
where ky is Boltzmann's constant, h is Plank"s constant and xk is the 
transmission coefficient which for racemization is equal to one, 


t + 
{As /R , AH /RT [10] 


k = Ken oa 


(e) 

Thus at 50 
+ 
AH 


1.478 


AS = 4,576 (log isoy eter thehes ae: ) 

The values calculated for the enthalpy and entropy of activation 
for the racemization of the sulfonium ylids and salts are listed in 
Table VI, The estimation of errors were calculated from the average 
deviations of the rate constants using the method described by 
Wiberg (19), As the average deviations for the rate constants for the 
salts were considerable, the activation parameters for these salts are 
at best approximations, The values for other ylids and salts are 


included in Table VI for immediate comparison, 
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TABLE VI 
ACTIVATION PARAMETERS FOR THE RACEMIZATION OF SOME HTHYLMETHYL~ 


SULFONIUM YLIDS AND SALTS AT BOE. 


Ylid or Salt Ea, kcal/mole AH’, kcal/mole As*, eu 
pee 
peeas 
iT} 0 
anf eo 3 + 
C H.C-G-CNHC GH 24 5r O92 P2197 180 #2 Pah Ov6 
ame 
CGH .C-C-H Prey aah yo) alegik ama 
CHO. i 
C=C CH,SO, 30.1 40.5 20RD as OLS idee todo 
Co aH 3 
Oss 
2 C10, 30.4 1.8 7a ielesel ale ts) 12 + 5.7 
fs + 
CgH.C( OCH, ) CH; C10, 26, leone Pays) 38 1OF fe: 0,5: 2.6 
b 
Cc 


at Ylids in benzene, salts in methanol. 
bt R, L. Tomilson and D. Darwish, references (9) and (13). 
c: (C, E. Scott and D. Darwish, reference (11). 
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Discussion 

Several reports of N.M.R. temperature dependent exchange processes 
in sulfonium ylids have appeared, The line widths and chemical shifts 
of the methine proton resonance of dimethylsulfonium phenacylid 
were temperature dependent (20,21), It was suggested that this may 
reflect a C-—C rotational process interconverting Z and E conformers, 
However, this spectral phenomena has since been shown to result from 
an intermolecular exchange reaction between ylid and trace amounts of 
water and other proton acids (16). Indeed, the N.M.R. spectra of 


anhydrous 8 in ethanol-free CDCl, were found to be temperature invariant 


3 


fo) 
over the temperature range - 30° to 100 . It was concluded that 


C—C rotation was rapid on the N.M.R,. time scale, 


9 ®  LCH ©) ® CH 
Eee! CH 
ye oe \ 


— 


\ 4 
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The N.M.R, spectrum of dimethylsulfonium diacetylmethylid (4) showed 
magnetic equivalence of the two acetyl-methyl groups at room temperature, 
However at - 60° , the C-methyl signals were split into a 1:1 doublet 
with the critical temperature being cae-25 5 The spectral resonances 
of dimethylsulfonium acetylbenzoylmethylid (12) and those of (-)-10, 
the optically active ethylmethyl analogue, showed similar temperature 
dependence with coalescence occuring ca, - 60. Nozaki, et al postulated 
that two processes would account for these observations: hindered 
rotation around the S—C bond or inversion of configuration at the 


sulfur atom, 4ag=4b, both of which would be slowed down upon cooling, 


38 


nod? $faes, 03 cvorla' need “Sonte eee ~ oe - 
t atone aosx3 ine. Sify, coovted notdoper extadaxs zaluceLomsehat a 
to sadneqe .£,M, oft ,beebnt ~, (80) ebfos nogong zervo ona 
sopisevnt sulteroquet ed of Gaup?. ettew ei M0 seTielonadie nt 8 evosiydits — 
gad? bofulogos as5u'3T, “oor o2 "OE ~ epasr equseTegnest ait revo 


Ce 
ofase salt .#,éM.W off no biger cay nodgaies’ oD) 


ty ~ = 
et9~.8 q s) gio... 9 |. : 
“ae Fi a Poa - 
ct a =. . 7€ art, 
H o 4 


& 
hewoda (#) ki ydfemiyioos! > mitno tivelydtemth io montesge AMM ent 
,etistazact door te amiozty Mydten-[yfeos ows sif to sptelevinps ahtenpas ; 

teiduoh frl 2 odat shige oxox elsaale Iyddes—-D of? , oa ~ t# sevewoH 
aegnanoast Iexdoane ert. . "e8- haa enisd vuvsesecned Iaoteizo eri? the : 
(Qi-(-). to veods bas (SL) Stfqdtectqonmediygens ap tieaieet yeasts to 

euudereqist selist: bouone ,cugoLank Lytteatedte evides yiinoktge eat 

Botalidesq fe fe ./Xexon OD ~ a9 gritos aongozataen Abie sonshneqeh 

Setebald (RGD REST BID nests 10% Tauooos bfivow renee 

td te waldaryF vie io ootdtovet: = food) ~2 sift Bameme « 


sBatioos aogu avob bewole arf hluow dort Yo dad db nila sata at 


ms ——s . seen 


a9 


A third alternative explanation of the effect, exchange between 4c 
and Ke’, was considered less likely as it would require the simultaneous 
inversion at the sulfur atom and internal rotation of two C—C bonds, 
They had confirmed the pyramid structure of the sulfur atom in ylids 
by the non-equivalence of the prochiral protons of a methylene group 
attached to the sulfur, Having no estimate of the rate of the 
racemization process and the earlier failure to resolve methylphenyl- 
sulfonium p-iodophenacylid lead them to prefer the latter alternative 
for the kinetic process involved, The isolation of optically active 
(-)-ethylmethylsulfonium acetylbenzoylmethylid (-)-10 and the kinetic 
study of the ylid indicates that the temperature dependence observed 
was related to hindered rotation about the S—C bond and not to 


pyramidal inversion, 


® C—Me Me Meg —3c—Me 
Mew eS Co = “s—co 
a +b 
° 
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Three nondestructive processes must be considered for the 
racemization of these sulfonium ylids. The first is carbon-sulfur 
bond fission to form a carbene and ethyl methyl sulfide, which could 
recombine to give racemic ylid. This process has been considered and 
ruled out by Nozaki, et al (6) for methylphenylsulfonium phenacylid, 
Heating this ylid in the presence of sulfides other than phenyl methyl 


sulfide produced no sulfide exchange, Furthermore, no exchange was 
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observed in the formation of this ylid from the corresponding sulfonium 
salt in the presence of a foreign sulfide, Racemization via associated 
species can be ruled out since the kinetic data reveal that the rate 
constants are independent of ylid concentration, Nozaki did find that 
mixtures of certain ylids underwent ylid-exchange possibly via 
associated species to the extent of 8% in refluxing benzene, From 

the kinetic analysis, the ylid (-)-10 at the higher temperature of 

ca, 80 would have a half-life of ca, 26 seconds, Clearly only 
pyramidal inversion can account for the racemization of these sulfonium 
yilids,; 

Factors affecting the rate of pyramidal inversion in molecules 
containing a trivalent atom (N, ee One P, As, etc.) have been 
reviewed by Bent (23), Lehn (24) and Mislow (25). The major factors 
that influence the magnitude of an inversion barrier are steric effects, 
conjugation, angular constraints and electronic effects, 

Steric acceleration of the pyramidal inversion reaction in 
sulfonium salts has been demonstrated by Darwish, et al (10,273 ).2464 In 
aryl sulfonium salts, the substitution of an aryl group for a primary 
alkyl group caused an ca. 10-fold rate enhancement in the pyramidal 
inversion reaction, An analagous steric effect, phenyl versus ethyl, 
probably accounted for Nozaki's failure to obtain optically active 
methylphenylsulf onium p-icdophenacylid. Although the magnitude of the 
rate enhancement for aryl substitution of a primary alkyl group may be 
different for sulfonium phenacylids than for sulfonium salts, a sizeable 
effect is still anticipated, Electronically, it was reasoned that the 
sulfur pyramid of a diacylmethylid may have been forced into a more 
planar configuration because of coulombic stabilization between the 


electron-rich oxygen atoms and the positive sulfur as illustrated in 
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conformations 4a and 4b, thereby lowering the barrier to pyramidal 
inversion. ‘However, it is evident from the present work that the 
steric and electronic effect of a diacylmethylid group compared to 

a phenacylid group is not so great as to prevent the isolation of the 
optically active ethylmethylsulfonium diacylmethylids. 

The ylid (-)-5 has been found to racemize 200 times faster than 
its corresponding perchlorate salt (-)-15 (9). Darwish and Tomilson 
have suggested this faster racemization of the ylid was due to the 
phenacylid group being more electropositive than a phenacyl group, 

As a result, the lone pair of electrons on the sulfur atom of the 
ylid were expected to have greater p-character and the ylid to be 
more nearly planar than the salt. Since the transition state for 
pyramidal inversion is planar, it was reasoned that the energy of 
activation should be correspondingly less for the ylid than the salt. 
An alternative explanation for the faster racemization of the ylid 
was that p-d 7-bonding might have been better at the transition state 
for the ylid than for the ground state whereas no such stabilization 
of the transition state was possible for the salt. By a similar 
reasoning, a slower racemization of the vinyl salt (+)-13 compared 
with that of its ylid precursor (-)-5 was anticipated. As a 
phenacylid group is anticipated to be more electropositive than a 
vinyl group, the ylid should be more planar and have a lower 
activation energy, Furthermore, O-alkylation removes the extensive 
p-d m-bonding postulated to accelerate the pyramidal inversion process, 

The five-fold increase in the rate of racemization of the vinyl 
salt (+)-13 compared with that of (-)-15 may be due to small resonance 


contributions such as 13b and 13c slightly favouring the planar 
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transition state over the ground state in the vinyl salt. On the 
other hand, the vinyl substituent might cause larger nonbonded 
interactions than a phenacyl substituent thereby accelerating the rate 
of racemization. A steric acceleration is certainly occuring for the 
Michael salt 19 compared with the phenacyl salt 15 as evidenced by 


the 14-fold rate enhancement upon ketalization of the phenacyl 


substituent, 
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Experimental 


Physical Measurements: 
All melting points were obtained using a Hershberg type melting 


point apparatus with a set of Anschutz thermometers. All values 
are uncorrected, 

Nuclear Magnetic Resonance spectra were recorded using Varian 
Analytical N.M.R. Spectrometers, Models A-60 and A-56-60. The latter 
model was also used for low temperature runs, Chemical shifts are 
reported in 6 units from internal tetramethylsilane (TMS). 

Infrared spectra were recorded on a Perkin-Elmer Grating Infrared 
Spectrometer Model 421, 

Optical rotation measurements were obtained using a Perkin-Elmer 
Polarimeter Model 141, 


Elemental analyses were performed by Mrs, D, Mahlow and Mrs. A, Dunn, 


Solvents for Kinetic Experiments: 
Anhydrous Methanol 


Anhydrous methanol was prepared from commercially available 
methyl hydrate by treatment with magnesium methoxide and distillation 


as described by Fieser (26), 


Benzene 


Shawinigan Reagent Grade Benzene was purified according to the 
method of Fieser (26) by treatment with concentrated sulfuric acid. 


The treated solvent was distilled from calcium hydride. 
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Reagents and Materials: 
Organic solvents were removed on a rotary evaporator under 


reduced pressure, 


2,6-Lutidine 

2,6-Lutidine was kindly supplied by M, A, Armour, It had been 
purified as follows, Eastman practical grade 2,6~-lutidine was dried 
over potassium hydroxide for several days, followed by refluxing 
and distillation from barium oxide as described by Fieser for the 
preparation of anhydrous pyridine (26), The center cut was treated 


with boron trifluoride and distilled as described by Brown, et al (27), 


Ethyl Methyl Sulfide 
Kastman Kodak ethyl methyl sulfide was used directly without 


purification, 


Phenacyl Bromide 
Eastman Kodak phenacyl bromide was used directly without 


purification, 


Preparation and Use of Hydroxide Exchange Columns 


A 25 x 450 mm, column of Dowex 1-X8 exchange resin, 50 - 100 mesh, 
in its chloride form, was continuously washed with 5% sodium hydroxide 
solution until all the chloride ions had been eluted (negative silver 
chloride test), The column was then washed with technical grade methanol 
until the eluate tested neutral. Reagent grade methanol was used to 


elute samples for anion exchange. The sulfoniun hydroxide eluates were 
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collected and immediately neutralized with a dilute solution of the 
required acid, 

Precautions were necessary in the preparation of the perchlorate 
salts: excess acid was avoided; evaporation of the neutralized eluate 
was not continued to dryness as there was the danger of an explosion; 
and oily salts were not induced to crystallize by scratching or 


tituration, 


(+)-Ethylmethylsulfonium Phenacylid ((+)-5) 


Ethylmethylsulfonium phenacylid was prepared in a manner similar 
to that described by Darwish and Tomilson (9). Phenacyl bromide 
(23.1 g, 0,116 mole) and ethyl methyl sulfide (8.8 g, 0.116 mole) 
were dissolved in 50 ml, acetone and the mixture let stand in the dark 
at room temperature for 25 hours. A large excess of ether was added 
to the acetone solution and the mixture cooled overnight at - 10°. 

The supernatant liquid was decanted from the oily precipitated 
bromide (+)6, The crude bromide was treated with 200 ml, of 5% sodium 
hydroxide solution at Lk for 20 minutes, The solution was extracted 
several times with chloroform, the combined extracts washed with 
water, dried over magnesium sulfate and the chloroform removed, The 
yellow residual oil was crystallized from benzene~Skellysolve B solvent 
mixture to yield 12.3 g (0.0635 mole, 55%) (+)5: mp. 83° (reported 
83 ~ 85° (9); N.M.R, (GDCL,), 87.85 (m, 2), 7.43 (m, 3H), 4.23 (m, 
1H), 3.86 (m, 1H), 3.00 (m, 1H), 2,90 (s, 3H), 1.26 (t, J = 7.0 cps, 
3H); Infrared (nujol), 1585 (m), 1510 (s), 1455 (s), 1200 (m), 1045 


(m), 850 (s) ae 
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(~)-2(R) ,3(R)-Dibenzoyltartaric Acid Monchydrate (HDBT) 


(-)-2(R),3(R)-Dibenzoyltartaric acid monohydrate was prepared 


according to the method described by Butler (12), 


(-)-Ethylmethylphenacylsulfoniun Hydrogen 2(R),3(R)-Dibenzoyl- 


tartrate ((-)-7) 

To a methanol solution of 5 g (0.0258 mole) (+)-5, was added 
9.7 g (0.0258 mole) HDBT. After stirring to effect solution, the mix- 
ture was cooled at 3 overnight, The resulting crystals were collected 
by filtration, ground to a powder, dissolved in a minimum volume 
of methanol at room temperature and recrystallized at cae Three further 
recrystallizations by this technique yielded, as large prisms, 1.8 g 


(3.26 mmole, 12.6%) (-)-7: [a] ae - 90.2° (c 0.564, methanol) 


R 
5 


(myo 17H) st 5070 ( 5,220 yoda Le (qylde=: 7. Ob cpssy Zid, 2:94u(se3H),; 
1.36 (i, J = 7.0 cps, 3H) 


(reported [a] - 88,2" (13): N.M.R. (DMSO-d,), 8 8.15 - 7615 


(-)-Ethylmethylsulfonium Phenacylid ((-)-5) 

A quantity of 5 g (9.07 mmole) (-)-2, [al aa - 90.2 (c 0.564, 
methanol), was dissolved in 60 ml. of 10% sodium hydroxide solution 
and the mixture stirred at oO for $ hour, The reaction mixture was 
extracted with chloroform, the extracts washed with water, dried over 
magnesium sulfate and the chloroform removed on a rotary evaporator, 
The residual yellow oil was crystallized from benzene-Skellysolve B 
solvent mixture to yield 1.5 g (7.74 mmole, 85%) (-)-5: m.D. 83°; 


RT RT 


[a] ee - 216 (c 0.419, benzene) (reported [+] eR9 - 137 (c 0.487, 
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benzene (9)). The N.M.R,. and Infrared spectra were superimposible with 
those of racemic material. In subsequent experiments, material having 


specific rotations of ca. 180° were used, 


Racemization of (-)-EthyImethylsulfoniun Phenacylid in the Presence of 


15 Equivalents of Benzoic Anhydride 
A 0,148 g (0,764 mmole) quantity of (-)-5 and benzoic anhydride 


(2.59 g, 11.5 mmole) were weighed into a 10 ml, tared volumetric flask 
and THF added to the mark, The rate of loss of optical activity was 
studied by Method I described later in this section, Table VII presents 
the data for this racemization, It was evident from these data that 
optically active (-)-ethylmethylsulfonium dibenzoylmethylid could 

be isolated if the reaction was quenched in one hour, Assuming 
benzoylation to be complete after ca. 2700 seconds, an approximate 

rate constant for the loss of optical activity was calculated to be 
(353 0. 20a x 107? esate et 25° in THF. The ylid had therefore 

a half-life of activity of ca. 6 hours under the preparative conditions, 
After racemization was complete, the crude ylid was isolated from the 
reaction mixture as described in the immediately following synthesis, 
The crude residual oil was titurated in Skellysolve B and filtered 
after crystallizaiton to yield 0,171 g (0.573 mmole, 75%) (4)-ethyl- 


methylsulfonium dibenzoylmethylid ((+)-9), mp. 150 - 151°, 


(£)- Ethylmethylsulfonium Dibenzoylmethylid ((+)-9) 


Ylid (-)-5 (1.163 g, 6,00 mmole) and benzoic anhydride (20.3 g, 


91.0 mmole) were dissolved in 15 ml. THF and the mixture stirred at 
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TABLE VII 
RACEMIZATION OF (-)-ETHYLMETHYLSULFONIUM PHENACYLID IN THE PRESENCE 


OF 15 EQUIVALENTS OF BENZOIC ANHYDRIDE AT 258 IN THF, 


Time, Time”, Opore Log (0, -a,,) Log ( hotest Ky 10°k 
HO seqe 0 sec, De deten SCC, 
0 0.793 -0,1007 
3 0.778 -0,1090 
6 0.769 0, L141 
12 0.749 -0,1255 
18 0.734 -0,1343 
Zi 0 0.717 -0, 1445 
63 36 0,642 -0,1925 0,0480 2.94 
108 81 0.553 -0,2573 0,1128 3,07 
150 123 0.476 -0,3224 0.1779 Cyl 
218 191 07372 -0.4295 0.2850 3.42 
279 252 0.299 -0. 5243 0.3798 3.47 
376 319 0.208 ~0,6819 0.5374 3455 
779 (ee 0.048 -1, 3188 1.1743 3.60 
931 904 0.033 -1,4815 1.3370 3.41 
0.000 


Average k, + average deviation = (3,33 £0.20) x 107° necond sie 


at Time of 2700 seconds taken as t, for the calculation of the 


rate constant for racemization of the benzoylated product. 
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room temperature for 4 hours, The mixture was diluted with chloroform 
and the resulting solution extracted with dilute sodium hydroxide several 
times, The combined aqueous layers were extracted with chloroform, 
The organic layers were washed with water, dried over magnesium 
sulfate and evaporated, The residual oil was crystallized from chloro- 
form-Skellysolve B solvent mixture to yield 1.132 g (3.80 mmole, 63.4%) 
(+)-9: mops 153 - 15 N.M.R, (CD13), 6 7202) (my) 10H) 43.9290, 
Tay ye 2) (ms 1H)y 2595 (a, 3H), 1.94 (t,°5 = 7.0 cps, 3H)y Infrared 
(nujol), 1570 (s), 1545 (s), 1015 (m), 955 (m) on™”, 

Anal, Calcd, for Cy gly 90S: C, 72.45; H, 6,08; S, 10.74. Found: 


RRS, (ONY (hee Grischp sys mkirisiy, seplaye: 


(~)-Ethylmethylsulfonium Dibenzoylmethylid ((-)-9) 


A 1,16 g quantity (5.97 mmole) of (-)-5 and benzoic anhydride 
(20.3 g, 91.0 mmole) were dissolved in 15 ml. of THF and stirred at 
room temperature for one hour, The workup procedure was the same as 
that for the racemic material, yielding 0.924 g (3.10 mmole, 51%) 
()egiemepe LSNes2 5 [a] $116 ~ 31.9° (c 1.38, benzene), The NMR. 
and Infrared spectra were identical with those of the racemate,. 

Anal. Calcd. for Cy gH 30588 Gp 72c457°H, 6.08395, 10.74% ‘Found: 


Cle7 2. 06 a7 7730, RO eye 5690} 155) 810,43 ele 


(+)-Ethylmethylsulf onium Acetylbenzoylmethylid ((+)-10) 


A 1.17 g quantity (6.02 mmole). of (+)-5 was dissolved in 10 ml, 
of benzene, Freshly distilled acetic anhydride (8,5 ml., 90 mmole ) 
was added and the reaction mixture stirred overnight at room temperature, 


50 ml, of a 20% sodium hydroxide solution was added and the mixture 
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stirred for 30 minutes then extracted with chloroform several times, 
The combined organic extracts were washed with water, dried over mag- 
nesium sulfate and evaporated, The oily residue was crystallized from 
chloroform-Skellysolve B solvent mixture to yield 1.20 g (5.08 mmole, 
85%) (+)-10; mp. 98 - 99°; N.MR, (CDCL,), 8 7.33 (s, 5H), 3.81 (a, 
1H) e301 Ph LH 2 A863( a9 OH )ye2ZeleiGer 3H) Peele p= h7J0seps} 
3H); Infrared (nujol), 1605 (s), 1560 (s), 1020 (m), 960 (m), 710 (m) 
ane 

Anal, Caled, for Cy Hy 60,5: Gi, 166.077 Heed, G23 SG ielg757a Found: 
Gygb5n 09, 200010) LHC (53.76 nto 13.50 RCE. 


(-)-Ethylmethylsulfonium Acetylbenzoylmethylid ((-)-10) 

A 1,26 g quantity of (-)-5 (6.47 mmole) was dissolved in 10 ml, of 
THF. Freshly distilled acetic anhydride (10 ml., 106 mmole) was added 
and the solution stirred at room temperature for 45 minutes, 100 ml. 
of a 10% sodium hydroxide solution was added and the resulting mixture 
stirred for 20 minutes to decompose the excess anhydride, The reaction 
solution was extracted with methylene chloride several times and 
the extracts dried over magnesium sulfate and evaporated. The residual 
oil was crystallized from benzene-Skellysolve B solvent mixture to 
yield 1,31 g (5.55 mmole, 85%) (-)-10: mp, 98 - 99°F [a] ayg ~ 30-8" 
(¢ 0.77, benzene), The N,M.R, and Infrared spectra were identical 
with those of the racemic material, 

Anal, Galed, for 6).H,,0,5: C, 66.073 Hy, 61,823 1S), 18457. @ Found 3 


Cy 6m. 767) 06, br H, 6.72, 7.063 GS, 13.54, 13.976 
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(+)-Ethylmethylsulfonium Benzoyl(N-phenylcarbamoyl)methylid ((+)-11) 


A 1.17 g (6.02 mmole) quantity of (+)-5 and phenyl isocyanate 
(0.72 g, 6.05 mmole) were dissolved in 25 ml. THF and the solution 
stirred for 2 hours at room temperature, Excess phenyl isocyanate was 
destroyed by the addition of 0.1 ml. 95% ethanol. The solvent was 
removed and the residual oil crystallized from chloroform-Skellysolve B 
solvent mixture to yield 1,80 g (5.77 mmole, 96%) (+)-1l; m.p. 171 - 
172°; N.M.R. (CDG1,), 8 12.32 (s, 1H), 7.34 (m, 10H), 3.97 (m, 1H), 
5. 09n (Mtl) je 2e6906 43H) lecOulty Je2e7e0 Chsye 3H) jy Infrared 
(nujol), 2200 - 4000 (broad), 1635 (s), 1595 (s), 1520 (s), 1055 fal) cues 


Ana ee Calcd forsG NO,S: C, 68.98; H, 6.11; N, 4.473 S, 


18819 
10,23. \Found: °C, 69.26, 68.883 H, 6:33,.6226; N, 4256,\ 4.453 


emlOsg let l0y2. 


(-)-Ethylmethylsulf onium Benzoyl(N-phenylcarbamoyl)methylid ((-)-11) 


A quantity of 2,09 g (10.8 mmole) of (-)-5 and phenyl isocyanate 
(1.3 g, 10,9 mmole) were dissolved in 25 ml, of THF and the solution 
stirred at room temperature for 15 minutes, The workup procedure 
was identical to that for the racemic material aint ayes (Ore 
mnole, 89.6%) (~)=11: mp. 171. - 172°; [a] 546 - 39.9° (c 0.73, benzene), 
The N.M.R. and Infrared spectra were identical with those of racemic 
material, 

Anal, Calcd. for C4 gly NOS: CoCo Cte Hy Oe ls Neattetati os 
10,23. Found: C, 68.79, 69.11; H, 6637, 6.203; N, 4.42, 4.453 8, 


10.49, 10.38, 
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Z-(+)-Ethylmethyl-a-methoxy-g-styrylsulf onium Methyl Sulfate ((+)-13) 
A quantity of 5 g (25.8 mmole) (+)-5 and dimethyl sulfate (5 g, 
39.7 mmole) were dissolved in 50 ml, of acetone and the solution let 
stand at room temperature for one hour, Ether was added to the reaction 
mixture to the cloud point and the mixture cooled at - see The result~ 
ing oil was induced to crystallize by scratching the sides of the 
flask to yield after filtering 7.4 g crude material. This was 
recrystallized from methanol-ether solvent mixture to yield 5.4 ¢ 
(16,9 mmole, 65%) (£)-13: m.p. 103°, NMR, (CDC1,), 6 7.51 (s, 5H), 
G00 aCSyeHy) e735 58 3 F 62: (shee vole (as Me= 7s0Neps, 2H), 
SeOu( sy. OH) {V2 tty) =F 70 epsyy 5H) )eantrared (CHGL,) 5 2990 (s), 
LOOS (Sse 15720), 1490. (mm), 14 520s) 12100 ),'610 Gah. 575? Cn) anes 
Anal.) Calcd; for C,.H;,028 Cha 4S. 7S per cos > 0s 01. 


130205 2° 
Found: C, 48,60, 48.95; H, 6.18, 6.23; S, 20,26, 20,28. 


Z-(+)-Ethylmethyl-a-methoxy-gp-styrylsulfonium Methyl Sulfate ((+)-13) 
A 2.2 g (11.3 mmole) quantity of (-)-5 and dimethyl sulfate 
(2.2 g, 17.5 mmole) were dissolved in 30 ml, acetone and the solution 
stirred for 30 minutes at room temperature, Ether was added to the 
reaction mixture to the cloud point and the mixture cooled at = See 
The crystalline product was filtered yielding 0.90 g (2.8 mmole, 25%) 
fe) RT oO 
(+)e1318,myps 101s~<102 ; [ol 364 + 3.94 (c 5.2, methanol), The N.MR. 


and Infrared spectra were identical with those for the racemate,. 
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Resolution of Z-(*)-Ethylmethyl-a-methoxy-g-styry1sulf onium 


Methyl Sulfate ((+)-13) 

The difficulties encountered in the resolution of this salt are 
shown by the non-reproducability of the following three experiments. 
Experiment one: 

Racemic 13 U5, 5o0les u179c mmole) was dissolved in a minimum amount 
of methanol and eluted through an hydroxide exchange column into a flask 
containing HDBT (6.46 g, 17.2 mmole). The solvent was concentrated 
to 75 ml. on a rotary evaporator, ether added to the cloud point and 
the mixture refrigerated at pre The precipitate was isolated to 
yield 6,6 g (11.0 mmole) ethylmethyl-2, 2-dimethoxy-2-phenylethyl- 


sulfonium hydrogen 2(R),3(R)-dibenzoyltartrate (16): m.p. 12025 


RT 
bal 589 


(my 15H neds OP (Sr) ZH} A054 (S)2H,) 3.20 n( 0, pleads OacDs pt) 3020 


- 75.6 (c 0.452, methanol); N.M.R. (DMSO-d), § 8.08 - 7.17 


(3, -OH) :-2073.0(85--3H)y 1122 (4, Ju-, 7.0.ceps,3H)3, Infrared (nujol), 
1728 (s), 1670 (m), 1600 (w), 1585 (w), 1260 (s), 710 (m) on™}, 

Anal. Calcd. for C7150) 953 GymO2e ORs a Salhi, 0eg0e 
Found: C, 62.51,,62.413 Hy 567, 52633 S, 5035s 5-57. 

Experiment two: 

Racemic 13 (2.75 g, 8.58 mmole) was dissolved in a minimum amount 
of methanol and eluted through an hydroxide exchange column into HDBT 
(3.15 g, 8.48 mmole), The solution was concentrated to ca. 50 ml., 
ether added to the cloud point and the mixture cooled at See The 
precipitate was isolated to yield 1.39 g (2.46 mmole) ethylmethyl-a- 
methoxy-f-styrylsulfonium hydrogen 2(R),3(R)-dibenzoyltartrate (17) 
mep. 114°; [2] 589 - 78.2° (¢ 0.597, methanol); N.M.R. (DMSO-d,), 


Se 800+=-7.10-(m, 15H); 6426)(my 3H) 716408 (8, (1H) 5054701 (s, 2H), 
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alypideltnedicaS-yxousithe-S S-iedtedietis (etoaOeit) gy Rah Atay 
Poss wen «(SL) wisxtupdtyoadadta-(G)e, (DS sapokigl mabeo tvs 
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Os.€ (HS cago Os =U yp) 39,0., (He.S) Baa! Gc) ae Se 
y(tobua) fexeving y(Ho edd TF - Lt) sit ne Je) Ete GRR oe) 
Arms (mn) Off Ca) 0080), Ge) 26ex tw) Obie fa) DIRE she) BRRE 

EZ ab MFAS cH (05653 49 Eyal aoe hated taille 
AIS a2Oe2 oz 200.2 ANS ll DASo glee D shee 
| rows dientmegxa 
figrons init 2 ot hevioouls asm tetdille SicBoys AS) QL obheoah = 
TRGE ost uavion sgcerixs-ohinorind oe adgvosd) bedife bee Lometten 20) 
yxfm 02 .g9 of Detstdmsanod exw notticboa ed?  .(oloam B48 ys QEB)- 
sdf .°2 Js Dafoe ouidctm eit Bas Gatog tents ent’ od tele aoddey 
~o-Disldedtysts (ofoma 3.3) 4 Cut Lfbky oF badafout: saw etabigtowsg 
(gi) otertraslyoriedtt-(8¥¢, (E)S aeyosinyd ailteib'iCeat yayte-g--prodinn, 
(ghO2id). 2.4.0 p(tonetitog ‘TO20-B) “RUBS ~ itor Pee Goll - 
£085 9) 98.2 «(REE 4) 004d (A a ABI CHEE 4) OA = OE Be 


oh 


3.76 (s, 3H), 3.43 (aq, J = 7.0 cps, 2H), 3.03 (s, 3H), 1.30 (t, J = 
7.0 cps, 3H); Infrared (nujol), 3500 (w), 1715 (s), 1645 (m), 1625 (m), 
1600 (w), 1255 (s), 1120 (m), 715 (s) em 


Analy ta lcd, onic C, 61.633; H, 5.52; S, 5.48, Found: 


30832008! 
Gy Oly 5 AON; HS 51, Se54) 5k, 5.7 


Experiment three: 

Racemic 13 (4,68 g, 14.6 mmole) was dissolved in a minimum amount 
of methanol and eluted through an hydroxide exchange column into HDBT 
(5.45 g, 14.5 mmole). The solvent was concentrated to ca, 30 ml., ether 
added to the cloud point and the mixture cooled at ay The precipitate 
was filtered to yield 2.67 g of a 3/2 mixture (by N.M.R.) of the 
vinyl/Michael-addition sulfonium DBT salts 17/16, m.p. 114 - 120°, 

In each of the above three experiments a second crop of material 
was obtained by the addition of more ether and the cooling at Bo of the 
resulting mixture, After filtering the second crop, the mother liquor 
was concentrated to near dryness and excess ether added, After cooling 
the mixture at a the supernatant was decanted leaving a tacky white 
semi-solid which solidified to a hard cake under reduced pressure, 

This eee became the third crop, The first and third crops from 


these resolutions were then converted to their perchlorates, 


Exchange of the first crop to perchlorate salts: 

A 2.67 g quantity of a 3/2 mixture of vinyl/Michael-addition 
sulfonium DBT salt (first crop) was dissolved in methanol and eluted 
through an hydroxide exchange column into 0.72 g (5.04 mmole) 70% HC10,,. 


The solution was neutralized by the addition of dilute sodium methoxide, 
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reduced in volume, ether added to the cloud point and the mixture 

cooled at ae The precipitate was filtered to yield 0.361 ¢g CTV 2% 
mmole) (-)-ethylmethyl-a-methoxy-8-styrylsulfonium perchlorate ((-)-18): 
mp. 115°} (al 36 - 8,80 (c 0.716, methanol); N.M.R. (DMSO-d ,) 

§ 7.56 (s, 5H), 6.02 (s, 1H), 3.79 (s, 3H), 3.43 (a, J = 7.0 cps, 2H), 


3,04 (3,99), 1636 (t, J = 750 cps, 3H)}) infrared (CHC1 1610 (m), 


3) 
1570 (w), 1490 (w), 1450 (m), 1080 (s), 1000 (m), 970 (w) cn7+, Excess 
ether was added to the mother liquor to yield 0.621 g (1.82 mmole) 
(+)-ethylmethy1-2, 2-dimethoxy-2-phenylethylsulfonium perchlorate ((+)-19): 
mep. 65 3 [a] 36.5 +4,75° (¢ 0,642, methanol); N.M.R, (DMSO-d,), 8 7.55 
(Sree, Coe Cee te )e stern dd = e7eU) Gps ech ee con SO) eae 
Care) evo) tad = 7.0 Cps,9 3H) js int rared (CHC1,), 2840 (w), 1490 

(w), 1450 (m), 1420 (w), 1285 (m), 1090 (s), 703 (m), 622 (m) ont, 

The conversion of a sample of pure Michael~addition sulfonium DBT 


salt (first crop) to its perchlorate gave an 85% yield of (+)-19 not 


contaminated by any of the vinyl salt. 


Exchange of the third crop to perchlorate salts: 

A 1.77 quantity of a 2/1 mixture of vinyl/Michael-addition 
sulfonium Pi ea DBT salt (third crop) was dissolved in methanol 
and eluted through an hydroxide exchange column into 0,491 g (3.45 
mmole) 70% HC1O,. The solution was neutralized by the addition of dilute 
sodium methoxide, reduced in volume, ether added to the cloud point and 
the mixture cooled at Bus The crystals were collected to yield 
0.435 ¢ (1.47 mmole) Z-(+)-18: mp. 114; [al 52. + 8,84° (c 0,842, 
methanol), The N.M.R. and Infrared spectra were superimposible 


with those of the (~)-isomer, Ether was added to the mother liquor 


be) 


ls) sig ae eater (St ee ee sf) Beat (Ct v8) MOET 
gecoaz Jao tw) O90 ta) Obne \ (ed COE ie) eit fe) ORR Wey eR aS 


(ison G8.C) @ 183.0 Uety on Akpan elton ede ot Beatie aime radia 7 
yCGk~ Gr) Otininn Sets ix) ou bith? tie Cy ore NaC DAS , to Reltaimtgtten Ry 
anys 6), (b-ceiin) Hinih re lansrites er he celal dae) 
$0.8 GR ws 05.0 {ity wae 3b apy Hae, OS ye) com (88 a) 
ogi, fie Os of ft) Riera de aba wa) ee 
Scan tej'o5a stay lene, (AY Oe te) alee Gueee jt ee 
Pt sintain tue qoaktlee aie pay RT Leanne |) to eokenanped edt 
do) S50) Sto bate WF 24 wien pte ideseg mitios (iors janet) dima 
jiled tity, 464 ouengf? Gatenbeadads, 
im 
ial‘oe oheataereg- of -qouo Betdd 688 Io egendoet - 
fotsdhe-T aia \oanty to Sabele 1\s 5 foe eRe ey 
Seoafden uk bivinaeia dow (eves ueinh) sien Tee outta pou town tere wn 
e#.0) 9 1G1.0 ope! naltion cyan shitattel 2e dead Setele bes | 
WdEhh te Andgdetis ad! yt hertlestzen aan aoidutog ony. tty Sey Celoaet ; 
fire Satay tvatw cut’ ot dabto Yertte Veerfow it-bseg tae  ehbedtem meeiow 
MAt4 OF Laloatinw rey alstmeti ath, 8 ka Nhat wea ae. 
Ce ee ee eH a ot aR 
gn eee exrage ap datanmibac 
sept seiiton, oat-4 ‘Sehie amt. yi 


— 


- 


: 


8 


7 
7 7 7 — 


56 


to isolate impure (-)~19, MePe 55 ~ Pia In another experiment a 


RT 


third crop was processed as above to yield (-)-19: mp. 55°: [a] 465 


- 5.16° (¢ 1.14, methanol), 
These perchlorates 18 and 19 did not give satisfactory carbon 
and hydrogen analysis because the samples exploded upon combustion 


analysis, 


Benzyl p-Toluenesulfonate 
Benzyl alcohol (10 ml., 97 mmole) was dissolved in 100 ml, 


anhydrous ether, Sodium hydride (4.2 g of 57% NaH, 100 mmole) was 
added and the solution stirred for 18 hours at room temperature. The 
suspension of sodium alcoholate was cooled in a wet-ice slurry and tosyl 
chloride (19.5 g, 97 mmole) in 100 ml, ether added dropwise. The 
mixture was stirred for 2 hours at On and one hour at room temperature, 
The reaction mixture was filtered and the mother liquor evaporated, 

The residual oil was crystallized from ether at ~- 70°. These 

crystals were twice recrystallized from benzene-Skellysolve B solvent 
mixture to yield 6,58 g (25.2 mmole, 26%) benzyl tosylate: m.p. 61 - 
62° (reported mp. 58.5 - 58.9° (28); NMR. (CDCL,), 87.52 

(q, 4H), 7.06 (m, 5H), 3.8% (m, 2H), 2.37 (s, 3H); Infrared (nujol), 
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Alkylation of Ethylmethylsulfonium Phenacylid with Benzyl Tosylate 
Benzyl tosylate (1.56 g, 5.98 mmole) and (+)-5 (1.12 g, 5.78 mmole) 

were dissolved in 25 ml. of THF. After stirring the mixture for 20 

hours at room temperature, the solvent was removed. An N.M.R. seectrum 

of the residual oil showed the presence of the O-benzylated product 

as the major component, Attempted crystallization of the residual 

oil from a methanol-ether solvent mixture yielded another oil, The 

N.M.R. spectrum of this latter oil was similar to the crude material 

in most respects, The tosylate anion was exchanged for perchlorate 

by eluting a methanolic solution of the oil through an hydroxide 

exchange column and titrating the eluate with dilute perchloric acid, 

The neutralized eluate was concentrated, ether added to the cloud 

point and the mixture cooled at Boe The precipitate was filtered to 

yield 0.551 g material: m.p. 111 - 113°; N.M.LR. (CDCL,), 5 7.6 - 

wree(me OH) MP5 Sle tegen), 4698 (s8,°2H), 3F26"q, J ="7F0 "cps 2H) 

Cu/suoyeon yet .2o (ty eoH)y ese (8; ampurity), 2.90 (s, impurity); 

Infrared (nujol), 1680 (w), 1605 (s), 1080 (broad) em7?, The impurity 

resonances corresponded to those expected for a 16% yield of 

ethylmethylphenacylsulfonium perchlorate (15) in the salt; ‘The 

vinyl salt appeared to be isomerically pure in configuration about the 


olefinic bond, 
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Polarimetric Rates 
Method I: 

The sample was accurately weighed into a 10 ml. tared volumetric 
flask. Solvent was added to the mark and the flask shaken until a 
homogeneous solution was obtained, An aliquot of the solution of the 
optically active sample was placed in a ca. 5 ml, thermostated 
polarimeter cell, The cell was maintained at 25.00 £0.02 and 
50.0 + 0,02° as required, by water circulating from a Colora Ultra- 
Thermostat bath, The first reading was taken after 5 minutes to ensure 
temperature equilibration. The optical rotation was taken from the 
digital readout of a Perkin-Elmer Polarimeter Model 141 at the 
appropriate time intervals, For the faster rates, time was recorded 
from a Lab-Cron 1400 timer, A "blank" reading was taken after each 
observation by recording the rotation of the cell chamber in the 
absence of the polarimeter cell. The rate constants were calculated 
on the basis of an experimental infinity obtained after 10 half-lives 
(zero rotation), After 10 half-lives of reaction at AUT» the racemized 
sample was concentrated to dryness and the residue submitted for 
N.M.R. analysis. As the spectra of the racemized materials were 
superimposible with those of synthetic racemic materials, within the 


experimental limits, there was no decomposition of the substrate, 


Method II: 

The sample was accurately weighed into a 50 ml. tared 
volumetric flask. Solvent was added to the mark and the flask shaked 
until a homogeneous solution was obtained, Aliquots of ca. 5 ml. 


were transfered to ampoules, The ampoules were sealed and placed in 
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constant temperature oil baths thermostated at 25.00 + 0.03, 

50,00 0,03 and 70.00 sap as required, At the appropriate time 
intervals, the ampoules were removed from the bath and immediately 
cooled in a wet-ice slurry, The first point was taken at least 

5 minutes after the ampoules had been immersed in the bath so as 

to ensure temperature equilibration. The ampoules were opened 

and an aliquot transferred to a polarimeter cell at room 
temperature, The rotation was immediately recorded, All 
subsequent handling of the samples was similar to that described 


for Method I, 
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CHAPTER THREE 

CHIRAL SULFONIUM YLIDS AS AGENTS OF ASYMMETRIC SYNTHESIS 
Introduction 

The general utility of the reaction of sulfonium ylids with 
aldehydes and ketones to yield the corresponding oxiranes has been 
reported by Corey and Chaykovsky (29), A. W. Johnson, Hruby and 
Williams (30) and Franzen and Driessen (31), The highly reactive 
sulfonium alkylids were typically generated at low temperatures 
in situ by the addition of suitable bases to solutions of the 
corresponding salts in inert solvents, Trost has found that the 
crystalline phenacylid 8 failed to react with cyclohexanone but did 
slowly condense in a Michael fashion with chalcone and dibenzoyl- 
ethylene to yield cyclopropane products (32), The same ylid has also 
been reported to react in low yield with p-nitrobenzaldehyde (15). 
Numerous recent reports describe phenacylids and diacylmethylids as 
reactants with highly reactive electrophiles for the synthesis of 
several achiral heterocyclic systems (33). 

C, R, Johnson and Schroeck (34) in 1968 reported the synthesis of 
optically active cyclopropanes and oxiranes using the optically active 
methylene transfer agent (R)-(-)-N,N-dimethylamino-p-tolyloxosulf onium 


methylid ((-)-20)., In all cases where comparative data for other 
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asymmetric synthesis of the same active cyclopropanes and oxiranes 

were available, the optical purities obtained were the highest reported 
for direct asymmetric synthesis, Previously an asymmetric synthesis 

of 2-arylcyclopropyl carboxylic acids by the reaction of achiral 
dimethyloxosulfonium methylid with chiral B-arlyacrylates had been 


reported by Nozaki and co-workers (35). These examples of asymmetric 
synthesis with oxosulfonium ylids prompted this investigation of 


chiral sulfonium ylids as agents for asymmetric synthesis, 


The reduced nucleophilicity anticipated for the chiral sulfonium 
ylids described in Chapter Two, and their facile racemization suggested 
that the selection of a more reactive ylid was necessary, Of the 
variety of optically active sulfonium salts characterized in these 
laboratories, ethylmethyl-p-nitrobenzylsulfonium perchlorate (21) (36) 
was chosen a suitable precursor of a reactive ylid. During a study 
of the racemization of substituted benzylsulfonium salts (36d), it 
was required to prepare the salt 21 from its corresponding methyl 
sulfate using an hydroxide.exchange column, Upon elution of the 
methyl sulfate through the column, a deep wine-red colour formed 
which was ascribed to the formation of the corresponding ylid 22, 
Neutralization of the basic effluent with perchloric acid, with 
concomitant loss of the wine-red colour, yielded the perchlorate salt 
in 65% isolated yield, It was apparent that the sulfonium hydroxide 
and sulfonium ylid were in equilibrium in the methanolic solution, 
Furthermore, the exchange and equilibrium processes had little 
effect upon the chiral sulfonium center as optically active (+)-21 


could be prepared by this sequence. 
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In 1961, Swain and Thornton (37) reported that dimethyl-p- 
nitrobenzylsulfonium p-toluenesulfonate (23), when treated with sodium 
hydroxide in water at 60°, was converted quantitatively to a mixture 
of Z and E-p.p’=dinitrostilbene. Based on their kinetic results and 
the product analysis, they postulated that the ylid 24 derived from 
23 spontaneously decomposed to a carbene intermediate. Reinvestigations 
of this reaction by U. Schulz (38) and by Closs and Goh (39) showed 
that the ylid 24 decomposed to a much more complicated product mixture 
by means other that a carbene-sulfide decomposition route, A mechanism 
involving electron transfer from the ylid 24 to the sulfonium salt 23 
was proposed to account for all the products, Several attempts by 
Schulz to isolate the ylid 24 failed however. 

It seemed reasonable that the sulfonium ylid concentration in 
the coloured effluent might be sufficient to allow trapping reactions 
of 22 by aldehydes and ketones, Related reactions have been shown to 
occur between aldehydes and the ylid from benzyldimethylsulfoniun 
chloride in heated aqueous hydroxide solutions to produce oxiranes in 
high yields (40,41). A. W. Johnson's technique for the generation 
of benzylids in aprotic solvents was considered a more laborious 
technique requiring more stringent experimental conditions than the 
proposed column technique used to prepare the wine-red equilibrium 
solution of the sulfonium hydroxide and ylid. Therefore, a study of 
the ability of chiral sulfonium ylids to transfer asymmetry from sulfur 
to carbon was initiated using (+)-21 as a suitable precursor of an 


optically active sulfonium ylid. 
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Synthesis and Resolution of Ethylmethyl-p-nitrobenzylsulfonium 
Perchlorate 

Optically active ethylmethyl-p-nitrobenzylsulfonium perchlorate 
was prepared according to the procedure of Darwish and Hui (36) as 
illustrated in Figure XI, Ethyl p-nitrobenzyl sulfide was prepared 
by the treatment of a-bromo-p-nitrotoluene with sodium ethanethiolate 
in methanol. This sulfide was readily alkylated in acetone with 
dimethyl sulfate to yield (+)-ethylmethyl-p-nitrobenzylsulf onium 
methyl sulfate ((+)-25). The salt 25 was resolved by the fractional 
crystallization of its DBT salt prepared by the exchange techniques 
described in Chapter Two. The two diasterecisomers were easily 
separable as the less soluble isomer 26, mp. ion legs - illeghy 
hey - 172° (¢ 0.27, methanol) (reported [a] £29 - 68.8" (¢ 0.55, 
methanol) (36)) and the more soluble isomer 27, m.p. ce (alin36 - 207° 


(c 0.25, methanol). The less soluble diastereoisomer was suspended 


CH,0Na 
SAW 0) SSO aha Hs CHSCHASCH (No, 
(CH.) 50 
hydroxide exchanse aca 
escu2e HDBT TSR 
= Fee nee = 
ae cHs{ /)-NO, SO os CHK /)-NO, 
ohh cH. © 
3 1) fractional 3 . 
edt crystallization X 
26 and 27 2) hydroxide exchange 
- i 25: X = CH,SQ, 


(+) and (-)-21: X = ClO, 
Figure XI. Synthesis and resolution of ethylmethyl-p-nitrobenzyl- 


sulfonium perchlorate. 
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on the top of an hydroxide exchange column and warm methanol was 
continuously eluted through the column until the effluent was no longer 
red in colour, As the effluent was collected, it was titrated with 
dilute perchloric acid using the ylid as‘an internal indicator. The 
neutralized effluent was concentrated to precipitate the salt (+)-21, 


mp. 80°, [a] 689 Fe lyase [a] 36 +44 (c 0.459, methanol) 
RE 
589 


more soluble diastereoisomer was converted similarly to its perchlorate 


(reported m.p. 83.5 - Bee [a] + in (c 0.9, methanol) (36)). The 


(~)-21, mp. 80 , [0] sig Be eek [ali 36 - 37.7 (c 0.408, methanol). 
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Test Reactions for the Asymmetric Induction Experiments 

The nucleophilicity of the ylid 22 in the coloured effluent 
was tested by reaction with carbonyl compounds, Rather than titrating 
the effluent prepared by eluting ca. 1 g of 25 through an hydroxide 
exchange column with acid to generate a salt, various aldehydes, 
ketones and an a,f8-unsaturated ketone were added and the solutions 
stirred at room temperature. The results of these experiments are 
summarized in Table VIII, A gradual loss of the wine-red colour 
was observed in all cases to yield eventually yellow-orange coloured 
solutions. However, the rate of loss of the initial colour was found 
to be dependent upon the electrophile added, After the colour had 
faded, the reaction mixtures were concentrated. The yellow evaporation 
residues obtained for the reactions with aldehydes were crystallized 
to give the oxiranes 28 Osjein 65 ~ 77% yields, The oxiranes were 
assigned the trans configuration based on an analogy with A. W. Johnson's 
observation that trans-p-nitrostilbene oxide was formed exclusively 
in the reaction of dimethylsulfonium benzylid with p-nitrobenzaldehyde 
(30), Furthermore, the melting points for 28 and 30 agreed with the 
literature values available for oxiranes of the trans configuration 
(30, 42), The small N.M.R, coupling constants of ca. 1.6 cps for 
the methine protons were within the range of 1,4 - 3.1 cps expected 
for trans oxiranes versus the range of 2.2 - 4.5 eps for cis 
oxiranes (43), 

In the reactions with ketones and chalcone, the colour of the 
reaction solution persisted for longer periods of time, The evaporation 
residue in each case was a red oil. Crystallization of each residue 


from benzene-Skellysolve B solvent mixture yielded small amounts of 
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TABLES VIII 


TEST REACTIONS FOR THE ASYMMETRIC INDUCTION EXPERIMENTS 


Added Reagent with 22 Reaction Time® Product M.p., % Yield 
benzaldehyde 1 hour oxirane 23 124 65.5 
p-chlorobenzaldehyde teats i (Beh 125 Tle. 
p-nitrobenzaldehyde i ai 30 200 tivo 
acetaldehyde ae ees 86 66,0 
chalcone 2" Soe olan Miele 
X 
— N 
NORE R 
trans-28: R= C/He.-, X= 0 
trans-29: R= p-C1C,H)-, X= 0 
trans-30: R= p-NO,C;H)-, X = 0 
trans-31: R= CHz, X = 0 
32: R= CgH.CO-, X = CcH.CH- 
p-nitroacetophenone 7-9 hours no seis” 


acetone 
benzophenone 


cyclohexanone 


a: Time for the wine-red colour to disappear, 


b: Sulfide decomposition products and oxirane 30 observed. 


c: Stereochemistry not assigned. 
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a high melting yellow material which was found to be identical with 
the oxirane 30 obtained in the reaction of the ylid 22 with p-nitro- 
benzaldehyde, In the reaction with chalcone, a second crop of material 
was isolated which corresponded to a 16% yield of a cyclopropane adduct, 
In all these latter cases, the mother liquors upon concentration to 
dryness exhibited similar N.M.R, spectra, No peaks could be assigned 
to products of oxirane formation. Rather, the major decomposition 
products were considered to be sulfides from the Sommelet rearrangement 
because of the resonance pattern in the high field region of the spectra, 
Schultz, in his reinvestigation of the reaction of 23 with aqueous 
sodium hydroxide solution at 100°, found a total of eight compounds | 
of combined yield of ca, 50%: p,p'-dinitro derivatives of stilbene, 
tolane, bibenzyl and stilbene oxide and p-nitro derivatives of benzyl 
alcohol, benzaldehyde, benzoic acid and toluene, The remaining material 
was considered to be polymeric in nature. In addition, Schulz detected 
an almost quantitative loss of dimethyl sulfide, The isolation 
of trans-30 in the reactions with added ketones and chalcone 
suggested that the ylid 22 was decomposing in a manner similar to 
that proposed by Schulz, However, the presence of non-volatile 
sulfides in the product was a significant departure from the 
quantitative loss of dimethyl sulfide in the decomposition of 23, 
Therefore, a major effort was initiated to confirm the identity 
of the sulfur containing materials of the evaporation residues, 
The Sommelet (44) and Stevens (45) rearrangements of sulfonium 
salts are well known, Yoshimine and Hatch (40) reported trace amounts 
of sulfides originating from either a Sommelet or Stevens rearrange 


ment during an oxirane synthesis using benzyldimethylsulfonium 
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chloride in aqueous hydroxide solution, Hayashi and Oda (46) studied 
the methoxide catalyzed rearrangement of various p-substituted benzyl 
sulfonium salts and report high yields of the corresponding Sommelet 
rearrangement products. However, the p-nitrobenzyl system was not 
studied because of an anticipated quantitative decomposition of the 


salt to dinitrostilbene as reported by Swain and Thornton, 


The N,M.R, spectra of the residues from reaction of 22 with ketones 


showed the following major signals neglecting those contributed by 
the ketones 1 eo $250(4) 741 758"(di), Ao5et(e)h 248 G)peetsr (q) 

and 4.16 (q). In addition to these signals, there were other singlets 
in the region § 8.00 ~ 4.50 of much smaller intensity, Furthermore, 
the aromatic region was not indicative of a simple para-substituted 
nitro-aromatic compound(s), The coupling constants and the chemical 
shifts suggested the presence of an ethyl group and an a-arylethyl 
substituted group. The Sommelet sulfides expected from the rearrange- 
ment of 25 were ethyl 2-methyl-5-nitrobenzyl sulfide (33) and 

methyl a-(2-methyl-5-nitrophenyl)ethyl sulfide (34), The major 
resonances of the N.M.R. spectra of the evaporation residues 

supported these structures, The relative ratios of the two 

sulfides 34/33 was Ca, 2/las gauged by the relative intensities of the 


doublet and triplet in the spectra, 


CH, NO, CH, 
CH,SCH,CH, )CH=SCH 


33 one 
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The sulfide 34 was isolated in pure form from the residue of the 
reaction of 22 with acetone by column chromatography, The sulfide 
33 could not be isolated pure as it was contaminated with small amounts 
of the faster eluting 34. These sulfides were partially separated 
by gas-liquid chromatography however their overlap prevented a 
quantitative analysis or isolation at the collection port of the GLC, 
A literature survey proved these sulfides to be unknown, Therefore, 
their assignments were confirmed by comparison with authentic samples 
prepared by independent methods, 

Although the pyramidal configuration of (+)-21 has been 
confirmed by X-ray crystallography (46), a correlation between 
the sign of rotation of an active isomer and absolute configuration 
of the salt has not been made, Therefore, it would have been 
impossible to make a configurational assignment of the potentially 
optically active 34 from the Sommelet rearrangement based on a 
mechanistic scheme for the rearrangement of the salt (+)-21. For this 
reason, a literature procedure for the Sommelet rearrangement (47) 
was considered for p-chlorobenzylethylmethylsulfonium perchlorate 
(+)-35 (48), the (+)-isomer of which has been assigned the R configura- 
tion from X-ray crystallography studies (46), 

p-Chlorobenzylethylmethy1sulf onium perchlorate was prepared 
as follows. p-Chlorobenzaldehyde was reduced to the corresponding 
alcohol 36 with sodium borohydride, The bromide 37 was obtained by 
bubbling hydrogen bromide gas through a benzene solution of 36. 


(+)-p-Chlorobenzylethylmethylsulfonium bromide (38) was obtained by 
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the nucleophilic displacement of ethyl methyl sulfide on 37 in acetone, 
The unstable bromide salt was converted to its perchlorate (+)-35 
by the exchange techniques described earlier, The salt was resolved 


by the fractional crystallization of its DBT salt. Regeneration of 


the perchlorate from the less soluble diastereoisomer 39, [a] sag - 748. 


[ol 36 Shelia (c 1,52, methanol) (reported (a S9 ig 69s Gu (Gulan6, 
R 


ae Seb Bet (c 0,60, methanol) 


° 
+ 56,2 (48)), The more soluble diastereoisomer 40 


methanol (48)), yielded (R)-(+)-35, [a] 


RT 
365 


) 
hey - 198 (c 1.39, methanol) gave (S)-(-)-35, [al 525 - 43, 5° (rake, 


(reported [a] 


methanol), 

The salt (+)-35 was decomposed at 70° in two hours in the presence 
of 10 equivalents of a 24% sodium methoxide solution, The presence of 
three compounds in the product was indicated by N.M.R. spectroscopy: 
methyl a-(2-methyl-5-chlorophenyl)ethyl] sulfide (41), ethyl 2-methyl- 
5-chlorobenzyl sulfide (42) and methyl p-chlorobenzyl ether (43) in 
the relative yields of 4;:1:1 respectively, In this case the 
decomposition products were sufficiently separated by GIC to 
permit quantitative analysis and recovery of the components at the 
collection port, Their assignments were confirmed by comparison 
of their spectra with those for authentic samples prepared by 


independent methods. 
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Preparation of the Sommelet Sulfides 


The reaction sequences for the preparation of the Sommelet 


sulfides are summarized in Figures XII and XIII, 


Ethyl 2-methyl-5-nitrobenzyl sulfide (33) was prepared by the 
nucleophilic displacement of sodium ethanethiolate on 2-chloromethyl- 
4-nitrotoluene (44) (49) in methanol, The chloride 44 had been prepared 
by the chloromethylation of p-nitrotoluene with bis-chloromethyl ether 
(50) and chlorosulfonic acid, The chloride had to be handled care~ 
fully as it was a lacrymator and a skin irritant. The liquid sulfide 
33 was oxidized by excess H50., in acetic acid to provide the solid 
sulfone derivative 45, 

The sulfide 34 was prepared in a 7-step sequence from 2-methyl- 
5-nitroaniline, 2-Cyano-4-nitrotoluene (46) was prepared by a 
Sandmeyer reaction of cuprous cyanide and the diazotized amine, 

The nitrile was hydrolyzed according to a literature method (52) 

for an analagous substrate in aqueous hot sulfuric acid solution to 
yield 2-methyl-5-nitrobenzoic acid (47) (53). When the solid acid 
was Slowly added to thionyl chloride at 60° over a period of 3 hours 
and the excess solvent removed under reduced pressure, 2-methyl-5- 
nitrobenzoyl chloride (48) (54) could be obtained only slightly 
contaminated by the high melting 2-methyl-5-nitrobenzoic anhydride (49). 
The anhydride was easily removed by fractional crystallization from 
benzene-Skellysolve B solvent mixture. If thionyl chloride was 
refluxed during the addition, greater amounts of 49 resulted, 
2-Methy1-5-nitroacetophenone (50) was prepared in a low 25% yield 

in a departure from the published procedure (55) by reaction of a 


crude acid chloride sample, containing 49, with dimethyl cadmium in 
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Figure XII, Preparation of the ethyl-Sommelet sulfides 33 and 42. 


72 


+ > ; 
- 
7 
ae 
SS ou aa 
NOs. In a : 
. wre (s 
“ng 5 het is | 
es fs iy rene 
7 
- 
; 
| 
f ‘7 
~ 
ghyMOre) 
X, 


} osis) 1 Bs opty in 4) wht 


eee Ht 2 Eee . testa 


_ 


ere 


(eB 


= )pdlazotize 


H,SO,, H,0 
a 2) cucn aur "2 
NOK CH, as Nog Y-CHy ————> Noz{ CHa 
NH, CN COOH 
46 47 
seal 
Vv 
1) diazotize Gd (CH) » 


oh PCy poeta $9 de nA) CHa pero NO /)-CHy 
2) acetaldoxime ether 


NH, COCH, COCcI 
3) HY, Hj0,A 50_-R = NO, 48 
Dot aRe=7GL 
NaBH, 
methanol 
= HBr ¥ NascH, 
Oa nc Ca Hcrigup. sea naadent he GH 
benzene eer methanol 
pol -OH ae palzit JEU = SCH, 
CH, H, CH, 
SLi R= NO, 53: R= NO, 34: R= NO, 
60: R=Cl 61: R=Cl 41; R= Cl 


Figure XIII, Preparation of the methyl-Sommelet sulfides 34 and 41. 
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ether solvent at reflux for 75 minutes, Aromatic nitroanhydrides (56) 


and acid chlorides (57) have been reported to react with organocadmium 


reagents to yield ketones, A purification step of the crude acid 
chloride was considered, therefore, not necessary. In some experiments 
small amounts of acid chloride were also co-distilled with the 

ketone. The ketone was reduced with sodium borohydride in methanol 

to yield a-(2-methyl-5-nitrophenyl)ethyl alcohol 51. Any acid 

chloride present during the reduction was solvolyzed to the correspond- 
ing ester 52 which remained in the mother liquor during the fractional 
erystallization of the crude 51, The alcohol was converted to the 
corresponding bromide 53 by bubbling HBr gas through a benzene 

solution of 51, Finally, 53 was treated with sodium methanethiolate 
in methanol to yield the sulfide 34, mp 49.5 - 50°, The sulfide 

was oxidized to its higher melting sulfone derivative 5h 

by excess H,0, in acetic acid at 100% 

Ethyl 2-methyl-5-chlorobenzyl sulfide (42) was prepared as follous, 
2-Methy1-5-chlorobenzaldehyde (55) (58) prepared by the method of Beech 
(59) in the reaction of formaldoxime with the diazotized 2-methyl-5- 
chloroaniline, was reduced to the alcohol 56 by sodium borohydride 
in methanol, The corresponding bromide 57 was prepared by bubbling 
HBr gas through a benzene solution of 56. Nucleophilic displacement 
of sodium ethanethiolate on 57 gave the liquid sulfide 42. Oxidation 
of the sulfide by excess HO, in acetic acid gave the corresponding 
solid sulfone 58. 

The second chloro-Sommelet sulfide 41 was prepared from 


2-methyl-5-chloroacetophenone 59 (60) obtained in a procedure similar 
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to that for the aldehyde 55 by the reaction of acetaldoxime (61) with 
diazotized 2-methyl-5-chloroaniline, The ketone 59 was reduced to the 
alcohol 60 by sodium borohydride reduction, The corresponding bromide 
61 was obtained by bubbling HBr gas through a benzene solution of 60. 
Nucleophilic displacement of sodium ethanethiolate on 61 gave the 
liquid sulfide 41, Oxidation of 41 with excess H,0, in acetic acid 
produced the solid sulfone 62, 

p~-Chlorobenzyl methyl ether, the product of displacement in 


the methoxide-catalyzed rearrangement was prepared from p-chloro- 


benzyl bromide (37) and sodium methoxide in methanol, 


eines 2nl) — _ 
“o noifivivs of saited 2 Sylcs 


il 
seg even + ma Gay ret 129iu AD : wie 


a ibis ‘htt’ elt B poou berg 

a 
ad) Snumshctveth te Weutewe of .tapo Seo Fysncteo! go-g 
=f f a | Poly 1] Bae “« tT, O- steer’ aety Perintos ts Atom é art 


fonptrne (a2 whi Mes aoe Bae E90) ee oyaned 


76 


Asymmetric Induction Reactions 

The ability of chiral sulfonium ylids to transfer asymmetry 
from sulfur to carbon was investigated in reactions identical to 
those just described for the racemic materials, 

When optically active p-nitrobenzylid 22 prepared from (-)-21 
was treated at room temperature with an equivalent of benzaldehyde, 
an optically active evaporation residue was obtained, (a 6 + 637° 
Cem (2h% CH,Cl,). Crystallization of this material gave racemic 
oxirane 28 in 57% yield. The mother liquor after concentration gave 
a residue, (a 6 pena KeRS 202, CH,C1,) which could be crystallized 
to give active oxirane 28, [a] 646 + 5.51 (¢ 0.506, benzene). Again, 
however, the major activity resided with the material in the mother 
liquor which was shown by N.M.R. spectroscopy to consist of the 
desired oxirane plus some decomposition products including sulfide 34, 
A final 9 me of solid-material, [0] 646 + 20° (c 0.18, benzene), 
was obtained from this latter material. 

The fact that the ‘sign of rotation had changed after reaction 
was initially encouraging, however, significantly larger rotations 
would have been more useful in the analysis of the reaction products, 
From the fractional crystallization of the evaporation residue, 
it was not possible to assign the activity observed to the oxirane 
with confidence, Although the N.M.R. spectrum of the active oxirane 28 
was superimposible upon that of racemic material, trace amounts of an 
active impurity could easily have escaped detection. The specific 
rotations calculated were subject to large experimental errors due to 
the small sample sizes and small observed rotations, The significant 


rotations remained in the mother liquors of each crystallization 
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suggesting that an optical fractimation of the racemic from the 
active oxirane was occurring. However, the presence of decomposition 
products in the active residues made the assignment of activity 
difficult. 

When optically active ylid from (+)-21 was treated at room 
temperature with a large excess of acetaldehyde, the colour of the 
reaction solution faded almost immediately. After concentration of 
the reaction mixture, the residue was crystallized from benzene-Skelly- 
solve B solvent mixture to yield the racemic oxirane 31 in 50% yield, 
When the evaporation residue of the mother liquor of this crystallization 
was triturated in hot Skellysolve B and the supernatant decanted from 
a red residual oil and cooled, active oxirane 31, [2] 36 - Tete (c ORS HE 
benzene) was isolated in 20% yield. The red residue, optically active, 
contained some oxirane as well as some decomposition products, 

These experiments confirmed that asymmetric products were being 
produced, however, the origin of the activity remained in doubt. 

Even for the very fast reaction with excess acetaldehyde, considerable 
decomposition occurred possibly giving asymmetric products. Some of 
this decomposition may have occurred during the anion exchange reaction, 
The only compound readily identified from the N.M.R. spectrum of the 
the decomposition products was the Sommelet sulfide 34. There was 

the possibility that the activity originated with this sulfide, 

To test this hypothesis, the changes in optical activity of a 
solution of the ylid derived from (+)-21 were followed at 25° and er. 
The results presented in the experimental section indicate a complex 
rate of change of optical activity with the reaction occurring in at 


least two stages. At 28,500 seconds reaction at rt, the colour of 
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the ylid had faded and the solution had an observed rotation of 0.062°, 
Assuming that this indicated complete decomposition of the ylid, 
asymmetrical products had been formed, Some of the products were, 
however, optically labile as optical stability was not achieved until 
10° seconds with an observed rotation of 0.028", In another experiment, 
an aliquot of a decomposition solution of (+)-21, [a] 36 we Ty ie 
(c 1.06, methanol), was withdrawn after 9 hours reaction at room 
temperature and concentrated, Using benzhydrol as an internal standard, 
the yield of the two Sommelet sulfides 34 and 33 were estimated by 
N.M.R. spectroscopy to be 30 and 12% respectively. It was confirmed 
that the sulfide 34 contributed to the activity of the solution by 
isolation of the pure sulfide from the remaining solution by column 
chromatography. Pure non-crystallized 34, [al 9 + ley [al Sng 
+ Zope [a 136 le (c 0.483, CH,C1,), recrystallized from 
Skellysolve B, lala do Sip al” (c =.358, CHCl.) was obtained as the 
faster-eluting sulfide, Sulfide 33 could not be obtained pure, free 
of sulfide 34, If the decomposition of (+)-21, (0 136 + 4o.3° 
(c 0.94, methanol), was continued for 17 hours rather than 9 hours, 
the non-recrystallized sulfide 34 isolated had a specific rotation of 
hier + 2 (co = 0.512, CHC1,). Correcting for the differing 
optical purities of the starting sulfonium salts, the two reactions 
proceeded with almost identical degrees of asymmetric inductions in 
the sulfide 34, The changes of rotation after the loss of the ylid 
colour were therefore likely related to racemization of other 
unidentified products and not to the sulfide 34. 

This isolation of the optically active sulfide 34 in June of 1971 


was the first example of an asymmetric systhesis using a chiral 
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sulfonium ylid. Recently, Trost and Hammen (62) communicated their 
observation of an asymmetric synthesis in the eyez sigmatropic 
rearrangement of (+)-adamantylallylethylsulfonium tetrafluoroborate 
((+)-63) to (R)-(-)-l-adamantyl-2-pent-4-enyl sulfide ((R)~64) under 
reversible ylid generation conditions with a minimum of 94% optical 
induction, 

The observation of asymmetric induction in the sulfide product 
from the Sommelet rearrangement was extended to the literature 
procedure described earlier for substituted benzyldimethylsulf onium 
salts, When (R)-(+)-35, [a] 565 Hu? 20 (c 0.598, methanol) was 
treated with methoxide ion in a manner described for the racemic 
material, the oil obtained after workup upon solution in 5 ml. benzeng 
had an observed rotation of + 244°, Analysis by GLC using 2~methyl- 
naphthalene as an internal standard showed the solution to contain 
compounds 41, 42 and 43 in 57.4, 13.4 and 29.3% yields respectively 
(corrected for 94% product balance). Based on the 57.4% yield of 41, 
the active sulfide-had a specific rotation of (2) 36° 67.4~ (683862; 
benzene). 

The active sulfide (+)-41 was condensed in a U-tube at the 
collection port of the GLC instrument on successive injections of 
a concentrated solution of the oil. The condensed sample, [2] 156 
ruGoe 2a (c 0,660, benzene) had spectral properties identical with those 
of the racemic material excepting optical rotation. Racemization 
during the chromatographic separation was ruled out by the identity 


of the specific rotations as determined before and after 


chromatography. 
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Discussion 

The direct reaction of the ylid 22 generated in situ by the 
exchange techniques had many advantages of convenience and economy over 
reactions involving strong bases in inert solvents. The usual method 
of generating a reactive ylid required careful drying of the inert 
solvent and low temperature reactions, Furthermore, the extremely 
basic reagents used required careful handling techniques, The exchange 
techniques in this instance required none of these precautions. 

The condensation reactions with aldehydes gave oxiranes derived 
from ylid formation at the benzylid position, The acidifying effect 
of the p-nitrophenyl substituent resulted in the benzylid formed from 
the sulfonium hydroxide having sufficient concentration to permit facile 
condensation with aldehydes, That the benzylid 22 and its sulfonium 
hydroxide were also in equilibrium with the ylids 65 and 66 formed 
at the methyl and ethyl substituents, was evidenced by the isolation 
of the Sommelet sulfides in the absence of reactive electrophiles,. 


The high yield of trans-28 from reaction with benzaldehyde, indicated 
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that the stabilized benzylid had a higher concentration than the more 
reactive ylids 65 and 66, As the reactions with the benzylid were 
Slowed down, the reactions of the methylid and ethylid became more 
important resulting in products of the Sommelet rearrangement, 

The optical yields in the asymmetric induction reactions with 
aldehydes were disappointingly low. Whereas the sign of rotation in 
the Sommelet rearrangement did not change in proceeding from salt to 
products, a sign inversion did occur in the reactions of 22 with 
aldehydes, If the rotation of the residues originated from active 
oxiranes, the predominance of racemic oxirane isolated and the small 
rotations of samples presumed to be pure oxirane, suggested that the 
extent of asymmetric induction was negligible. Although the 
absolute rotation of trans-28 is not available, a very large value 
Tor [a] S46 is anticipated on the basis of the known absolute rotation 


of trans-stilbene oxide (trans-2,3-diphenyloxirane) being 


RT 
589 


optical rotary power somewhat, 


[al 310° (63) although the p-nitro substituent would alter the 
Darwish and Nakamura (64) have also observed low optical yields 
in the oxirane synthesis from chiral sulfonium ylids with aldehydes, 
For the ylids derived from the optically active sulfonium salts 67 
by generation with lithium alkyls in dry THF at - 78. » essentially 
zero rotation of the oxirane product was observed in each reaction 


with benzaldehyde. Trost and Hammen (62) examined the ability of the 


QQ 67a: R = P<anisyl, R° = CH. 
ic) S) bik =\CHACH,, na’ = CH 
S-R  CF,S0,4 Baek 3 

/ c: R= p-anisyl, R’ = CHACH. 
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methylid from (+)-adamantylethylmethylsulfonium tetrafluoroborate (68) 
to produce active oxiranes in reaction with benzaldehyde. They also 
failed to observe significant rotations in the products, 

These low optical yields for sulfonium ylids are in contrast with 
the significant yields obtained by C. R. Johnson and Schroeck for the 
oxosulfonium methylid (R)-(-)-20 (34). Johnson found the oxosulfonium 
methylid 20 to be similar in stability and reactivity with dimethyl- 
oxosulfonium methylid (69) rather than dimethylsulfonium methylid (70). 
These latter two ylids, as characterized by Corey and Chaykovsky, have 
different reactivities. For example, the simple ylid 70 underwent 1,2- 
carbonyl addition with 0,g-unsaturated ketones to form oxiranes 
whereas the ylid 69 gave a cyclopropane adduct. C,. R. Johnson and 
Schroeck have also found that the attack of stabilized ylids with 
aldehydes is reversible whereas the attack of a non-stabilized ylid 
such as 70 is irreversible (66), Trost has suggested that the differences 
in optical yields may be attributed to the higher reactivity 
of the non-stabilized sulfonium methylids. 

The ability to transfer asymmetry may depend upon the additional 
steric and electronic requirements of the oxygen ligand in an oxo- 
sulfonium ylid, The non-bonded interactions in the transition state 
involving this substituent may be more significant than the non-bonded 
interactions involving the lone pair of electrons on the sulfur, A 
comparison of the ability of the two classes of ylids to transfer 
asymmetry could be made by treating the ylid generated from (R)-(+)- 
ethylmethylphenyloxosulfonium perchlorate ((R)-(+)-71) recently des- 


cribed by Kobayashi and Minato (65), with aldehydes. The ylid would be 
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the oxygenated analogue of the ylid generated from the salt 67 
described by Darwish and Nakamura, In addition, whatever influence 
the dimethylamino substituent had upon the course of the oxirane 
synthesis from 20 would be removed in using the ylid generated from 
(R)-(+)-71. 
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From the existing evidence, a chiral sulfonium methylid is 
incapable of inducing asymmetry at a developing tetrahedral center 
by a preferential attack of the methylid on one of the stereohetero- 
topic faces of an aldehyde function, An alternate method of 
transferring asymmetry to the oxirane product should be considered 
for sulfonium ylids generated at a pro-chiral center, Two new 
chiral centers are formed when a benzylid condenses with an aldehyde, 
one each from the benzylid and aldehyde carbons, However, the 
geometry of the carbon originating from the aldehyde is dictated by 
the configuration of the attacking benzylid as exclusively trans 
geometry is observed in the oxirane product. A. W. Johnson has 
proposed the mechanistic scheme illustrated by eq. [11] for the 
reaction of a benzylid with benzaldehyde, Of the two betaine 
conformations required for internal Sy ring closure to the oxirane, 
the threo conformer has three bulky groups gauche to each other thus 
raising the energy of this conformer, The transition state for ring 
closure from the threo form would be higher in energy than that from 


the erythro form because of the eclipsing of the phenyl rings. 
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Therefore the stereochemistry of the asymmetric center originating with 
the aldehyde is determined by the stereochemistry of the attacking 
carbon nucleophile and not by the AB-sulfonium center, If the stereo- 
chemistry of the nucleophilic center is affected by the adjacent 
chiral sulfonium center, then an asymmetric synthesis of the oxirane 
would result, 

Wolfe recently summarized his theoretical and experimental studies 
on the Gauche Effect (67), The Gauche Effect describes the tendency 
of a species to adopt a structure which has the maximum number of 
gauche interactions between adjacent electron pairs and/or polar 
bonds. Carrying out ab initio molecular orbital calculations on models 


such an H Os NoHo y GH, OH and others, the energy profile as a function 


os 
of rotation led Wolfe to conclude that the most stable structure con- 


tained the maximum number of gauche interactions. By applying these 
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theories of the Gauche Effect to sulfonium salt and ylid chemistry, 
Wolfe postulated a selective removal of that methylene proton gauche 
to the electron pair on sulfur with induction of asymmetry at the 
a-carbon, 

Experimentally Wolfe found there to be a diastereotopic selectivity 
of the benzylic protons in the base-catalyzed deuterium exchange of 
benzyl methyl sulfoxide (72) to give predominately the RS(SR) 
diastereomer (68), However others subsequently found the exchange 
rate of 72 to be solvent dependent such that the SS(RR) diastereomer 
could be obtained almost exclusively (69), Furthermore, R. R. Fraser 
and coworkers studied the H/D exchange of the diastereomeric hydrogens 
in a conformationally rigid sulfoxide and found a solvent dependence 
upon the relative rates of exchange (70), The inability of the 
theory to predict carbanion stability was attributed to the inability 
of the MO calculations to include the effects of solvation, 

The low optical yields in the oxirane synthesis from the 
p-nitrobenzylid 22 suggested that there was little selectivity between 
the diastereotopic benzylic hydrogens during ylid formation assuming 
the configuration of the a-carbanion was preserved after ylid formation, 
That the configuration of the carbanion may have been lost is not 
unexpected in view of the low barriers to pyramidal inversion for 
tri-coordinated first-row atoms (25571) and the expected delocalization 
of the carbanion into the nitro-aromatic ring (22b) thereby lowering 


the barrier even further. If the carbanionic center became racemized, 
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the chiral sulfonium group apparently did not induce a greater 
nucleophilicity at either the re or si face of the average planar 
configuration of the carbanion, Racemization of the ylid at the 
sulfur center could not account for the low asymmetric induction 
as the reactions with aldehydes proceeded more rapidly than the Sommelet 
rearrangement, for which active products were isolated. 

Before rationalizing the observation of asymmetric induction in 
the products of the Sommelet rearrangement, the experiments to 
determine the per cent asymmetric synthesis in the Sommelet sulfides 


will be described. These experiments are presented in Chapter Four, 
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Experimental 


p-Nitrobenzyl ethyl sulfide was prepared in a manner similar to 
that described by Hellmann and Eberle (72). To a sodium methoxide 
solution prepared by dissolving 5.4 g (0,234 mole) clean sodium 
metal in 60 ml, methanol, was added 120 ml, ethyl mercaptan, With 
Stirmingy a.50ee.quantity..00.232 mole) of a-bromo~p-nitrotoluene 
was added to the thiolate solution. After one hour, the reaction 
mixture was diluted with 100 ml. water and extracted several times 
with ether, The ether extracts were dried over magnesium sulfate and 
the solvent removed. The residue was distilled under reduced pressure 
to yield 42 g (0.213 mole, 92.2%) p-nitrobenzyl ethyl sulfide: 


bape 154 - 157° (4 mm), 170 (10 mm); NMR; (coc1,), 8 8.14 (a, J = 


8.5 cps, 2H) , 73 cde J 8.5 cps, 2H), 3.80 (s, 2H), 2.46 (q, fe 


7.5 cps, 2H), 1.24 (t, J = 7.5 cps, 3H); Infrared (neat), 1600 (s), 


1520 ss) 5 whos: (¢), 1210)(m) cn. 


(+)-Ethylmethyl-p-nitrobenzylsulfonium Methylsulfate ((4)-25) 

A quantity of 42 g (0.214 mole) p-nitrobenzyl ethyl sulfide was 
stirred with 28 ¢ (0.222 mole) dimethyl sulfate in 50 ml. acetone 
overnight. The solvent was removed and the residue crystallized from 
methanol-ether solvent mixture to yield 59 g (0,183 mole, 85.5%) (+)- 
25: mp. 102° (reported 93 - 95 (36b)); N.M.R. (DNSO-d,), 5 8.42 (a, 
J =59, OkC Day. Zi ign eon (dy SeOLcps, 2H )au96 (a, 2H), B.b2 (a513H)5 
3.44 (q, J = 7.5 cps, 2H), 2.95 (s, 3H), 1.40 (t, J = 7.5 cps, 3H)s 


Infrared (nujol), 1610 (m), 1520 (s), 1460 (s), 1230 (s) ona 
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(~)-Ethylmethyl-p-nitrobenzylsulfonium Hydrogen 2(R),3(R)-Dibenzoyl- 


tartrate 

A 13.1 g quantity (0.0406 mole) 25 was dissolved in a minimum 
amount of methanol and passed through an hydroxide exchange column 
into 15.2 g (0.0406 mole) HDBT. A wine-red colour, ascribed to the 
formation of the corresponding ylid generated on the exchange column, 
was immediately extinguished upon reaction with the acid. After the 
ylid was completely washed from the column, the resulting mixture 
was concentrated to 100 ml. and filtered to yield 8.35 g of the less 
soluble isomer 26: mp. 150°; [a] 59 = rately & [01136 = 172° (a. 0727; 
methanol) (reported [al S89 Gees (c 0.55, methanol) (36))3 
NMR. (DSMO-d,), O85) — Ayn AH), Ser70) (sy, 2H), Cons, 22H), 
3.35 (a, H= 7.5 cps, 2H), 2.83 (s, 3H), 1.29 (t, J = 7.5 cps, 3H)s 
Infrared (nujol), 1710 (s), 1665 (m), 1525 (s), 1115 (m) on™ , 

Anal, Caled, for Cogn NO, 9S: C, 59.04; H, 4.783 N, 2.46; 
Sy) 5s Gowen ound tinC Pe5B193 9 50.91LtaH, Hb le Oc yan eee 70 05] 
Sy 5696, 5.87. 
After cooling the mother liquor at ive a further 4,3 g material 
precipitated, Ether was added in excess to the mother liquor of 
this precipitate to precipitate after cooling at - 10°, the more 
soluble isomer 27: mp. Ties [a 36 - 207° (c 0.25, methanol). 
The second crop of crystals was recrystallized from methanol-ether 
solvent mixture to yield 1.73 g of 26 and from the mother liquor, 


2.16 g of 27. The overall yield of 26 and 27 was 19.4 g (0.0341 mole, 


83.8%)» 
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(+)-Ethylmethyl-p-nitrobenzylsulfonium Perchlorate ((+)-21) 

A puentity of 9.8 g (17.2 mmole) 26 in 250 ml. methanol was applied 
to an hydroxide exchange column. Methanol (ca. 1500 ml.) was 
continuously washed through the column until the highly insoluble salt 
had dissolved and exchanged. The effluent was titrated with dilute 
methanolic HC1O,, using the ylid as an internal indicator. The solution 
was concentrated to 100 ml. while maintaining a bath temperature 
below owe Ether, added to the cold solution, precipitated 4.79 g 


(15.3 mmole, 89.2%) (+)-2l: mp. 80°; [el S89 +51759n4 (0) 36 ae TRL Te 


RT 
589 
meDs 83.5 - 85. (36))) NMR, (DMSO-d), § 8.25 (d, J = 8.0 cps, 2H), 


(c 0.459, methanol) (reported [a] + 7.6. (c 0.9, methanol); 
(Ole (a, J = 8,0 cps, 2H)% 4,80 (s, A) S68) (q; J 67. 55Cps, 2H), 
Zaotn(sy SH) ymls 30. (teed =s7.5eeps, (3H) } \infrared«(tujol), 1610 (s), 
1500 (s), 1430 (s), 1100 (broad) cm’, The specific rotation reported 
is the highest obtained for several preparations of this salt. 

Anal, Calcd. for, Cy Hy CINO¢S : GH 38. 53tedyette SojaGly 11.373 
Ne 4,503 Ds LOe2O 3 Found: C; 38.40, 38.08; Hy 4,39, 448; Gi, 11457" 


TRE Zs aN ew eb lew. 74: SoelOs4t5, 10.98. 


(-)~Ethylmethyl-p-nitrobenzylsulfonium Perchlorate ((-)-21) 


A 10.7 @ (18.8 mmole) quantity of 27 was dissolved in a minimum 
amount of methanol and converted as above to its perchlorate (-)-21: 


ey 
MeDs 80, [a Sg Sas hy [056 - 37.4 (c¢ 0.408, methanol). 
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p-Chlorobenzyl Alcohol (36) 


p-Chlorobenzyl alcohol was prepared in a manner similar to that 
described by Po (48), p-Chlorobenzaldehyde (150 g, 1.08 mole) in 
300 ml. methanol was reduced upon the dropwise addition of a solution 
of 21.6 g (0,54 mole) sodium borohydride in 100 ml, water, After 
most of the reducing agent had been added and there was no further 
evidence of exothermicity, the reaction solution was diluted with 300 
ml. water and the mixture extracted with ether twice, The combined 
extracts were washed with water, dried and concentrated. The solid 
residue was crystallized from benzene-Skellysolve B solvent mixture 
to yield 131 g (0.969 mole, 89%) 36: N.M.R, (cDc1,), 8 7.22 (m, 4H), 
4.48 (s, 2H), 3637 (s, 1H); Infrared (CHC1,), 3500 (m), 3300 (broad), 


3000(m), 1600 (m), 1500 (s), 1410 (m), 1090 (s) om7-s 


p-Chlorobenzyl bromide (37) 

p-Chlorobenzyl bromide was prepared in a manner similar to that 
described by Po (48), The alcohol 36 (111 g, 0.78 mole) was 
dissolved in 700 ml. benzene. HBr gas was bubbled through the 
solution until no more water separated from the solution, The 
benzene layer was separated, washed successively with water, 5% 
aqueous sodium bicarbonate and water, dried over magnesium sulfate 
and concentrated to ca. 150 ml. The solution was diluted with pentane 
and the mixture cooled to 5° to precipitate 149 g (0.725 mole, 93%) 
37: NMR. (CDC1,), § 7222 (s, 4H), 4.34 (s, 2H); Infrared (CHC13), 


1600 (s), 1490 (s), 1410 (s), 1095 (s) on”, 
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+)-p-Chlorobenzylethylmethylsulfonium Bromide ((=)-38) 

To 26 g (0,127 mole) 37 dissolved in 50 ml, acetone, was added 
12 g (0,158 mole) ethyl methyl sulfide. After the solution was allowed 
to stand at room temperature for 20 hours, it was diluted with 
75 ml. and the resulting mixture cooled to - 7, The oily precipitate 
was separated, titurated in ether and the residue crystallized under 
reduced pressure, Recrystallization from methanol-ether solvent mix~ 
ture gave 20,0 g (0,071 mole, 56%) of the unstable 38: mep. 87 - 97°; 
N.M.R, (D0, external TMS), 8 7.33 (m, 4H), 4.58 (s, 2H), 3.22 (q, 
J = 7,5 cps, ZH), 2.74 (s, 3H), 1.34 (4, J = 7.5 eps, 3H); Infrared 


(nujol), 1590 (w), 1490 (s), 1370 (s), 1095 (s) oe 


(+)-p-Chlorobenzylethylmethylsulfonium Perchlorate ((+)-35) 

A 19.5 g quantity (0.0693 mole) crude 38 was converted to its 
perchlorate by anion exchange techniques to yield, after crystallization 
from methanol, 12 g (0.0398 mole, 58%) (+)-35: mp. 88 - 89° 
(reported mop. 88 (48))s N.M.R. (DMSO-d,), 8 7.4 (s, 4H), 4.68 (s, 
CH)GeoscOa( dy de=745 CDS, 2); ca79) (S51 5H) yp led eM cme ey eonCDS, 
3H)} Infrared (CHC1,), 1585 (w), 1480 (m), 1085 (s), 610 (m) om™*, 

na tenecalcdy Lor Cy Hy ,C150, 3 C, 39.88; H, 4.69; Cl, 23.54; 
S, 10.65, Found: C, 37.83, 37.333 Hy, 4253, 4.18; C1, 22.85, 23.34} 
S, 10.47, 10.85. In several attempts, the correct analysis for 
carbon and hydrogen was never achieved, This was likely due to the 
sample exploding during combustion analysis with accompanying 


sample loss, 
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(-)-prChiorobenzylethylnethylsulfoniun Hydrogen 2(R) ,3(R)-Dibenzoyl~ 
tartrate 

A 5.06 g sample (16.8 mmole) of (+)-35 was converted to its DBT 
Salt by the usual methods with 6,33 g (16.9 mmole) HDBT. Fractional 
crystallization of the DBT salt three times from methanol gave the 
less soluble diastereoisomer 39: m.p. 150 - aes [2] 559 “ 7itae 
[a] 136 ~ 174° (¢ 1,52, methanol) (reported epee menar (ae 
methanol) (48)); N.M.R. (DMSO-d,), 58.00 - 7.20 (m, 14H), 5.62 (s, 
eu eo9e(s, 2H)51 9.27 (dy 0 = 7.5 cps, cH); 2.70 (Seach )yalacd (ty 
J = 7.5 cps, 3H); Infrared (nujol), 3000 (broad), 1700 (s), 1650 (m), 
1590 (w), 1485 (w), 1370 (m) cm route original mother liquor, 
concentrated to 75 ml., was added ether to the cloud point and the 
mixture cooled at Dae The precipitate, 3,43 g, was recrystallized from 


methanol to yield 2.25 g of the more soluble diastereoisomer HO: 


RT 


O 
589 7 B2.2°} (a 36 - 198 (c 1.39, methanol), 


fo) 
mep. 150; [a] 
(R)-(+)-p-Chlorobenzylethylmethylsulf onium Perchlorate ((R)-(+)-35) 

A 1.53 ¢ quantity (2.74 mmole) 39 was converted to its perchlorate 
by anion exchange techniques to yield after two recrystallizations 
from methanol-ether solvent mixture 0.742 ¢ (2.41 mmole, 90%) 

Oo RT a RT Oo 
(R)=-(+)=-35: MsDe 80,5 ns re pl hes Hy lol a9 a ib 9 [ol 65 + 62.2 
(c 0,60, methanol) (reported [2] 54. 456.2 (48)), The Infrared and 


N.M,R, spectra were superimposible with those of racemic material. 
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(S)-(-)-p-Chlorobenzylethylmethylsulfonium Perchlorate ((S)-(-)=35) 


The more soluble diastereoisomer 40 (2.06 g, 3.67 mmole) was 
converted to its perchlorate by the usual methods to give 1,00 g 
(o) 
(3.33 mmole, 90.7%) (S)-(-)=35: [a] seg ~ 38.8 (c 0,936, methanol), 
Recrystallization of this material from 20 ml, methanol in the freezer 
RT 
g, 


gave 0,818 g (-)-35, [a] Ae 43.5°(o 1,22, methanol). No attempts 


were made to further increase the optical purity of this isomer, 


Nucleophilic Reactions of Ethylmethylsulfonium p-Nitrobenzylid with 
Carbonyl Compounds 
1) with benzaldehyde 


A 1.22 g quantity of (3.78 mmole) of 25 was dissolved in a 

Minimum amount of methanol and the solution eluted through an hydroxide 
exchange column into a flask containing 0.407 g (3.84 mmole) benzal- 
dehyde, The resulting solution, stirred under nitrogen, slowly 
lost its wine=red colour over a period of one hour, The solvent was 
removed and the residue crystallized from benzene-pentane solvent 
mixture to yield 0,608 g (2.48 mmole, 65.5%) trans-p-nitrostilbene 
oxide (28): m.p. 124° (reported 125 - 126° (30)); N.M.R, (cDC1,), 
Heo, 232(d pedeas Oy epseeen ), 17750 (apes 278e7ecps, 2H) yerekOe(sya5n)5 
3,96 (a, J =1,6 cps, 1H), 3.83 (4, J = 1.6 cps, 1H); Infrared (nujol), 
1602 (w), 1511 (s), 1350 (s), 860 (m), 840 (m) om}, 

Anal, Caled, for Cy)Hj,N0,: C;, 69.70; H, 4,60; N, 5.81. 


Found: C, 69.63, 69.123; H, 4.67, 4.743 Ny 5.69, 6.16. 
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2) with p-chlorobenzaldehyde 

Aeivi2e6.e quantity (2792 mmole ) of 25 was dissolved in methanol 
and the solution eluted through an hydroxide column into a flask 
containing 0.558 g (3.94 mmole) p-chlorobenzaldehyde. After one 
hour, the solution was concentrated and the residue crystallized 
from methylene chloride-pentane solvent mixture to yield 0.832 g 
(3.02 mmole, 77.3%) trans-p-nitro-p'-chlorostilbene oxide (29): 
mop, 12 = 125 3 N.MR. (DCL), 8 8.26 (4, J = 8.7 cps, 2H), 
75d Gated =oG.7ecpsyieH) 7536 (Ss, 4H) $53.99 (ABs Sylveecps, 1H), 
Srila, OF 
(s), 860 (m) on™, 


1.6 eps, 1H); Infrared (nujol), 1600 (m), 1520 (s), 1340 


Analya cated, for Cy Hy FINO, G, 60,99 Hist Oojn0), 112,00} 
Ny oo, Ov me ound tae Geol O2PRG1 25; HiSS, 71 paonCl eOn, mlcnoo, 


12065; Ny 5.18, 4.98% 


3) with p-nitrobenzaldehyde 

From 1,22 g (3.77 mmole) 25 and 0,565 g (3.73 mmole) p-nitrobenzal- 
dehyde, was obtained after a single crystallization from methylene- 
chloride-pentane solvent mixture 0,831 g (2.91,mmole, 77.3%) trans~ 
P,»p'-dinitrostilbene oxide (30): MeDe 199 = 200° (reported 200 - 201° 
(42))5 N.M.R, (CDCl), 5 8.27 (d, J = 9.0 ops, lit )qernes6 Ca, 1 = 9,0, 
eps, 4H), 4,02 (s, 2H); Infrared (nujol), 1600 (s), 1345 (s), 1100 (w), 
850 (m) tae 

Anal, Calcd, for Cy Hy Noe! Gypes8. 75 n HYel nbs ene 2796 


Found : Cy Sos 7 ly 58.693 Hy 3x22, 3.44; N, 9.74, 9.976 
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4) with acetaldehyde 

From 1,26 g (3,90 mmole) of 25 and greater than 2 equivalents 
excess acetaldehyde was obtained, after a crystallization from 
methylene chloride-pentane solvent mixture, 0.460 g (2,57 mmole, 
66%) trans~1-(p-nitrophenyl)propylene oxide (GUO re siegery 86°; N.M.R. 
(CD,C1,), 0 o,19 (dy J = 9.0 cps, 2H), 7.44 (4, J’ 920 cos, 2H): 
Broom ed = aso cosy Ii), s,00) (octet, 1H) salen (desle=" 522) 
3H); Infrared (nujol), 1600 (s), 1345 (s) ners 

Adely Galedy ©Or CCH NOl1 Gy 60,33, iy 5.00tENs 7voen 


oe 
Found: C, 59,82, 59.48; H, 5.00, 5.24; N, 7.86, 7.4. 


5) with chalcone 

In a similar manner, the ylid from 1,21 g (3.76 mmole) of 25 
and 0,782 g¢ (3.76 mmole) chalcone were allowed to react for two hours, 
The evaporation residue was crystallized from benzene~Skellysolve B 
solvent mixture to obtain a few milligrams of a yellow material, 
MsDe Tere. The mass and infrared spectra of this material suggested 
it to be oxirane 30, Mixed melting point determination of this 
material with the oxirane 30 was undepressed, Addition of more 
Skellysolve B to the mother liquor precipitated after cooling at 
710270205 6 (0.60 mmole, 16%) of a cyclopropane adduct 32: 
MeDe 104 ; N.M.R, (cDc1,), 6.6.25 — 7125 (m, L4H), 3.80 = 3,00 
(m, 3H); Infrared (nujol), 1660 (s), 1600 (s), 1520 (s), 1445 (s), 
1345 (s) ee The stereochemistry about the cyclopropane ring was 
not assigned, The N,M.R. spectrum of the mother liquor showed 


that decomposition sulfides were present. 
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6) with ketones 

When equimolar quantities of 25 and each of benzophenone, 
cyclohexanone, p-nitroacetophenone and acetone were treated similarly 
as for the aldehydes, the colour of the ylid persisted for much 
longer periods of time, After 7 - 9 hours, the solutions became 
yellow coloured, The evaporation residues were crystallized from 
benzene=Skellysolve B solvent mixture to yield in each instance 
small amounts of 30, The evaporation residues from the mother 
liquors had similar N.M.R. spectra in the high field region of the 
spectra, The characteristic absorptions were located at 54,16 (q), 
Zen lime (oes 278 (Ss): (s)yms8 (id) rand! Pecos iewtherrel ative 
intensity of the doublet to triplet absorptions was ca. Als There 
were numerous smaller signals in each spectra in the 6 0 ~ 5 region, 
Furthermore, a simple para-substitution pattern was not present 
in the aromatic region of the spectra. No major products could be 


assigned to oxirane formation from the ketones. 


Product Analysis for the Sommelet Rearrangements 
1) for ethylmethyl-p-nitrobenzylsulfonium methylsulfate (25) 


The evaporation residue of the mother liquor from the reaction 
of 0.924 ¢ (2,86 mmole) acetone with the ylid 22 from 0,924 g (2,86 
mmole) of 25 was chromatographed on 30 g BDH alumina, The column was 
developed first with 200 ml, pentane and finally with 200 ml. 10% 
carbon tetrachloride~pentane solvent mixture while collecting the 
effluent in 25 ml. fractions. The initial fractions of the mixed sol- 
vent system after concentration smelled of sulfide, Spotting 


solutions of these fractions on 5 cm. silica gel thin-layer 
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chromatographic plates, developing the plates with 10% benzene- 
cyclohexane solvent mixutre and visualizing the plates with iodine 
vapour, showed a single spot at be present, Re = 0,3. However, 

the first two fractions gave solid evaporation residues whereas 

the remaining did not. The first two fractions were shown by GIC and 
N.M.R, spectroscopy to be pure sulfide 34, Re = 3.7 minutes, The 
following fractions contained the sulfide 33, Rp = 4,4 minutes, 
contaminated by small amounts of the sulfide 34. The variable 
parameters for the GLC analysis were: column, 6' x $" 20% SE 30 

on 60 — 80 Chromosorb W; column temperature, 210°; detector, 310°; 
injector, 280°; filament current, 200 ma.; helium flow rate, 60 ml,/ 
minute, There was an overlap of the peaks for the two sulfides 
thereby preventing quantitative analysis, No attempt was made to 
identify any other compounds of the reaction mixture, Recrystallization 
of the first two fractions from Skellysolve B gave 34, m.P. 48,5°. 
The N.M.R. and Infrared spectra of this material were superimposible 


upon those of a synthetic sample prepared later, 


2) for p-chlorobenzylethylmethylsulfonium perchlorate (35) 

In a procedure similar to that of Hayashi and Oda for the 
Sommelet rearrangement of dimethylbenzylsulfonium salts (43), a 1.00 g 
(3.31 mmole) quantity of 35 was heated for two hours at 70° in a 24% 
sodium methoxide solution (0.76 g Na (33.1 mmole) in 6,84 g methanol; 
10% Na in methanol), The reaction mixture was poured into water and 
the mixture extracted with ether, The ether extracts were dried and 


concentrated to give 0,650 g of a yellow oil. The N,.M.R. spectrum of 
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this oil showed only three compounds to be present: methyl a-(2-methyl- 
5-chlorophenyl)ethyl sulfide (41), ethyl 2-methyl-5-chlorobenzyl sul- 
fide (42) and methyl p-chlorobenzyl ether (43) in the relative ratios 

of 4,2:1:0,93 respectively, This was confirmed by GLC analysis of the 
oil: sulfide 41, Ro = 13.2 min,; sulfide 42, Ro = 17.2 min,; ether 43, 
Rn = 3.76 min, The variable parameters for this GIC analysis were: 
column, 6' x 3/8" 20% carbowax 1500 on 60 - 80 Chromosorb W; column 
temperature, 174°; detector, 315°; injector, 270°, collector, 275°} 


filament current, 200 ma.; helium flow rate, 60 ml./minute, 


Bis-chloromethyl Ether 
Bis-chloromethyl ether was prepared according to the method of 


S. R. Buc (50), To a mixture of 84 ml. concentrated HC1 (1 mole) 

and 120 g paraformaldehyde (effectively 4 mole formaldehyde) main- 
tained below hoe was added dropwise 226 ml, chlorosulfonic acid 

(3.45 mole) so that no gaseous HGl was lost from the mixture (ca. 5 
hours). The mixture was stirred for four hours in an ice-bath, then 

let stand at room temperature over night. The upper layer was separated, 
washed with ice-water and with 150 ml. 40% aqueous sodium hydroxide 
solution, The product was separated, dried over potassium carbonate 
then potassium hydroxide and the product distilled at atmospheric 


fe) 
pressure to yield 144 g bis-chloromethyl ether, b.p. 97 - 99 (700 mm) e 
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2-Methyl-4-nitrotoluene (4) 

2-Chloromethyl-4-nitrotoluene was prepared by the method of 
Berezovskii, Kurdyakova and Proebrazhenskii (49), p-Nitrotoluene 
(50 g, 0,365 mole) dissolved in 60 ml, bis-chloromethyl ether was 
treated with 85 g chlorosulfonic acid for one hour below 10, The 
solution was allowed to stand overnight at room temperature then 
treated with ice-water, The precipitate was filtered and recrystallized 
from methanol to yield 62 ¢ material, This was dissolved in methylene 
chloride, dried over magnesium sulfate and concentrated, 
The residue was crystallized from methylene chloride-Skellysolve B to 
yield 31 g (0.167 g mole, 45,8%) 44: mp. 67 - 68° (reported meD. 
61.5°); N.M.R. (CDCl), Pode o-d8 ib UW pF AG ops V tra Fated essere > aS Vbyeheleteg tl be 
4,63 (s, 2H), 2.50 (s, 3H); Infrared (nujol); 3060 (m), 1612 (m), 1590 
(m), 1090 (m), 815 (s), 840 (s), 735 (s) on™, 

Anal, Caled, for CoH gC1NO,: Cy olay telly fer} poly OR OTN 
egret OUNd tC, 5 1eO7 5) 9 Le99} Hy ets recOsec ls 2ong90y 1 oud5] 


N, 749; ( hake 


Ethyl 2-Methyl-5-nitrobenzyl Sulfide (33) 
A 12 g quantity (64,5 mmole) 44 in methanol was slowly added to a 


stirred solution of sodium ethanethiolate prepared by adding 1.54 ¢g 
(67.0 mmole) sodium and 5 g (80.8 mmole) ethanethiol to 30 ml, 

methanol, After 30 minutes, the reaction mixture was diluted with 50 
ml, water and the resulting mixture extracted with ether several 

times, The ether extracts were dried over magnesium sulfate and 
concentrated. The residue was distilled under reduced pressure to yield 


10.5 g (49.8 mmole, 77.2%) 33: b.p. 167 - 169° (5 mm)} nae = 1. 50Le; 
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N.MsRs-(CDZC15);°8°7«9% (m, 2H), 7.27 (d, J = 8.0 cps, 1H), 3.77 (s, 
2H), 2651 (ay de='7.5 cps, 2H), 2048 (s; 3H),;.1125 (b,c. = 725 eps, 
3H); Infrared (neat), 2980 (m), 2940 (m), 1615 (w), 1590 (m), 1520 
Geyemtieba(n)21350 (s)pal085+(m), 6815 (s)pi740ela) ema 


Anal, eaGalcdyaforcc NOLS imecge5oeaas HP 67207 Nyeoubbrec: 


1071349 
Toilgem Bounds) Cpt56. 5675741 L any 698679001333 4N, 00577; 00. 861eSs 


U5t16, B5F16; 


Ethyl 2-Methyl-5-nitrobenzyl Sulfone (45) 
A 0.317 g (1.50 mmole) quantity of sulfide 33 was oxidized upon 


heating for three hours on a steam bath in the presence of 0.383 g 
(3.26 mmole) 30% H,0, dissolved in 5 ml, acetic acid. After cooling, 
the reaction mixture was neutralized with 5% sodium bicarbonate solu- 
tion and extracted with chloroform. The chloroform extracts were 
washed with water, dried over magnesium sulfate and concentrated, 
The solid residue was crystallized from chloroform-Skellysolve B 
solvent mixture to yield 0.291 g (1.21 mmole, 80.0%) N53 Msp. 139 - 
140°; NMR. (GDC1,), 8 8.21 - 8.14 (m, 2H), 7.42 (a, J = 7.5 ops, 
Li soiee Gsye2H) 73209 (Cagad =l7s0ycpspheH)seenes (Spells 1645a(t, 
J = 7.0 cps, 3H); Infrared (CHC1,), 1605 (w), 1580 (w), 1510 (m), 1345 
(s), 1310 (s), 1270 (m), 1130 (s), 1110 (s), 1080 (w), 1040 (m), 
905 (m), 875 (w) on™. 

Analpedcal cay for C5 oH 3NO,S: GpU4oRs7 iris Sooer yeeros 
So19el8solFound: Cc, 48:91, '49elly H, 5.51, 5e46; Ny 5.69, 5.583 
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2-Cyano-4-nitrotoluene (46) 

2-Cyano-4-nitrotoluene was prepared according to the general 
method described by Vogel (73) for the Sandmeyer preparation of 
aromatic nitriles. A quantity of 51 g (0.336 mole) 5-nitro-o- 
toluidine was dissolved in a boiling solution of 85 ml. concentrated 
HCl and 300 ml. water, The mixture was cooled to 0° in an ice-salt 
bath. During 15 minutes with vigorous stirring, a solution of 25 g 
sodium nitrite in 50 ml. water was added to the cooled solution, 

A cuprous cyanide solution was previously prepared by adding dilute 
H5S0), to 100 g copper sulfate pentahydrate in 320 ml. water until the 
solution was acidic to Congo Red paper. To this solution was added 
with stirring a solution of 28 g sodium bisulfite in 80 ml. water 
warmed to 60°, immediately followed by 28 g potassium cyanide in 80 
ml, water, After 10 minutes, the cuprous cyanide was filtered and 
washed with 200 ml, water, The precipitate was transferred to a 
three litre round bottom and dissolved in a solution of 52 g potassium 
cyanide in 125 ml. water, 

The cuprous cyanide solution was warmed to 60° and the cold 
diazonium salt solution added slowly with vigorous stirring while 
maintaining the temperature around 60°, After completion of the 
reaction, the cooled mixture was extracted three times with ether, 

The combined ether layers were dried over magnesium sulfate and 
concentrated, The residue was crystallized from methylene chloride- 
pentane solvent mixture to yield 37 g (0.228 mole, 68 %) 46: mp. 
97 - 99°, recrystallized from 95% ethanol, m.p. 105 - 106° (reported 
106 - 108° (51))p NMR. (CD,C1,), § 8.630 (a, 2H); 7.54 (ad, J = 8.5 
Gps, lH )902,67,(s,° 3H); Infrared (CHC1,), 22no mn) }GL620)(s); 


1590 (s), 1140 (m), 1085 (s), 912 (s), 840 (m) ons 
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2-Methyl-5-nitrobenzoic Acid (47) 

The nitrile 46 was hydrolyzed according to the method of Erlenmeyer, 
Waldi and Sorkin (52), In a solution of 50 ml, water and 100 ml, 
concentrated H,S0,, 30 g (0,185 mole) 46 was heated at 145° for 6 
hours, After cooling, the solution was poured into ice-water and the 
aqueous layer extracted several times with ether, After clarifying the 
ether extracts with Norit, the acid was extracted from the ether with 
500 ml. of 10% aqueous sodium hydroxide solution, The basic extracts 
were acidified with HCl to precipitate the crude acid. This was 
recrystallized from ethanol-water solvent mixture to yield 21g 
(0,116 mole, 62,7%) 47: msp. 178 - 179° (reported 175 - 176° (53))3 
N.M.R, (DMSO-d,), 8 8,57 (4, J = 2.6 cps, 1H), 8.28 (a, 1H), 7.57 (4, 

J = 8.5 cps, 1H), 2.68 (s, 3H); Infrared (nujol), 2700 (broad), 1700 
(s),el520.(s)4 1260, (s),.1135 (m),.1075 (m), 740 (m), 690. Ga) caus 


Anal, Calicd.-for Colt NO, + OPE Ora y asin Shere Ney Aer 


A 
Found; Cy 52.9%, 52.915 Hy 3.60, 3.933 Ny 7.t, 7.32. 


2-Methy1-5-nitrobenzoyl Chloride (48) 

A 2.75 g quantity (15.2 mmole) 47 was slowly added in 3 hours 
to 25 ml of thionyl chloride heated to 60°. The excess solvent was 
distilled at atmospheric pressure and the traces of solvent removed 
under reduced pressure, The residue was crystallized from benzene- 
pentane solvent mixture to yield a small amount of 2-methyl-5-nitroben~ 
zoic anhydride (49). The evaporation residue of the mother liquor 
was crystallized from benzene-pentane solvent mixture to yield 
2,59 @ (13.0 mmole, 85.4%) 48: mp. 55 - 57° (reported 58 - 59° (55))s 


N.MR, (CDCL,), 5 9,08 (a, J = 2,5 cps, 1H), 8.42 (q, 1H), 7.57 (d, J = 
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8.0 cps, 1H), 6.72 (s, 3H); Infrared (CHCL,), 1785 (a), 2760 (s), 1610 


(s), 1590 (m), 1530 (s), 1350 (s), 1100 (s), 935 (s), 810 (s). 


2-Methyl-5-nitroacetophenone (50) 

Crude 48 was prepared by adding 12,4 g (68.5 mmole) 47 to 100 g 
of refluxing thionyl chloride. Removal of the solvent yielded crude 
48 containing a considerable quantity of 49, 

Methyl magnesium bromide was prepared by the quantitative conver- 
sion of 1,66 g (68,5 mmole) magnesium in 100 ml ether with methyl bro- 
mide, After 6,40 g (35.0 mmole) cadmium chloride was added to the 
Grignard solution at O4 the mixture was brought to room temperature 
over 30 minutes. While heating the dimethyl cadmium solution at reflux, 
an ethereal solution of the crude acid chloride was slowly added over 
15 minutes and reflux continued a further 15 minutes, The reaction 
mixture was poured into ice-water and the layers separated. The 
ether layer was extracted with aqueous sodium hydroxide solution, water, 
dried over magnesium sulfate and evaporated, The basic extracts were 
acidified and filtered to yield 4.33 g (22.4 mmole) 47. The evaporation 
residue was distilled under reduced pressure to yield 2,00 g (11 mmole, 
25%) 50: bsp, 134 - 137°( 5 mm); mp. 54 ~ 55° (reported 54 ~ 55° (5lt)); 
semicarbazone, from 95% ethanol, m.p. 235 - 236" (reported 222 ~ lg 
(54))3; N.MR. (CDCl), 3 8.44 (d, J = 2.5 cps, JH), 6.14 (q, 1H), 
PaliQa(a d=. G,0lcps, JH), 2.04) (3, 3H) 2.5905; 58) iirared (CHC1,), 
1700 (s), 1620 (s), 1530 (s), 1355 (s), 1100 (m) cna 


Aig acd at Or Colo, 3 CG, 60.33; H, 5.063 N, 7.82, Found, 


CG, 59.87, 59.923 H; FeUb smokey N, Tals 7093 
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a-(2-Methyl-5-nitrophenyl ethyl Alcohol (51) 

A solution of 0,60 g (15.9 mmole) sodium borohydride in 18 ml, 

water and 2 ml, of 10% aqueous sodium hydroxide was added dropwise 
over 45 minutes to a stirred solution of 5.41 g (30.2 mmole) 50 in 
50 ml. methanol. The reaction solution was diluted with 100 ml. water 
and the resulting mixture was extracted with ether several times. The 
ether extracts were dried over magnesium sulfate and concentrated, 
The residue was crystallized from chloroform-Skellysolve B solvent 
mixture to yield 3.29 g (18.2 mmole, 60,4%) 51: mp. 90 - 91°3 
NMR, (CD,Cl1,), nb dsiyalsy (Cclpa HE ey ceqolouy (USD), Vevey? (fey TROL, Yer 
(Geme—-no, Olcpsy el H) 55011) djul = Ons Cos se yh en eton cylin se 
(Syn) pleted, J =,0.5acns, 3H); Infrared (CHC1,), 3600 (m), 1585 
(m), 1520 (s), 1450 (m), 1345 (s), 1105 (m), 1065 (m) Pia 

Uoalaecalcd, foriG H.-N a eer tr Wel opal py verler 


Galas 
Bound: Cyu59. 57.59.62} Hy, 6.355 65263 Nenu 721.7008 


Methyl 2-Methy1-5-nitrobenzoate (52) 
Base catalyzed methanolysis of the acid chloride 48 yielded 52: 


MsDs 56.3 NMR. (CUCTe 0 b.9.08 (dj. = 2,5 CpsgmlH) sporton dyadh 


) 
3 
W537 (d;.0 = 8.0.cps, 1H), 3.93 (s, 3H), 2.68 (s, 3H); Infrared (CHC1,), 
1720 (s), 1610 (m), 1520 (m), 1350 (s), 1320 (s), 1130 (s), 1080 (s), 
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a~(2-Methyl-5-nitrophenyl)ethyl Bromide (53) 

A 30 ml, benzene solution of 1,27 g (6.98 mmole) 51 was saturated 
with gaseous HBr, After 30 minutes, the reaction mixture was poured 
into 150 ml. water and the layers separated, The benzene layer was 
washed with water, dried over magnesium sulfate and concentrated, The 
residue was crystallized from Skellysolve B to yield 1.56 g¢ (6.37 mmole, 
91.2%) 53: mop. 53 - 54°: NMR, (Dc1,),§ 8.39 (d, J = 2.5 eps, 1H), 
8.03 (a, 1H), 7.32 (a, J 


2e52 (sniGh) P2ck2 Gis J =i7.0yeps, 3H) yelnPrared (CHC! 


Boao sy te #5. 30 (Gs des eCpS ali), 
3)1 1605 (x), 
1580 (m), 1510 (m), 1240 (s), 1050 (m), 900 (m) Emin 

Anal, Caled, for CoH) BrNO,: C. 44.28; H, 4.135 Br, 32.735 
Ny woe7Oe. hound: oC, 44233, 446077 H, 4.29, 4.213 Br, 32.73, 32.56) 


N, 5.90, 5.49. 


Methyl a-(2-tethyl-5-nitrophenyl ethyl Sulfide (34) 


A 1.49 g quantity (6,10 mmole) of 53 in 25 ml methanol was 
slowly added to a stirred solution of excess methanethiol and 0.155 ¢ 
Goanze mmole ) sodium in 25 ml. methanol, After 30 minutes, the reaction 
solution was diluted with water and the mixture extracted with ether 
several times, The ether extracts were dried over magnesium sulfate 
and concentrated, The residue was crystallized from Skellysolve B to 
yield 1,09 g (5.13 mmole, 87) 34: mp. 49.5 - 50.5 $ N.M.R. (GD,C1,), 
Dale ea die da= 12,4 cepS yl) pes9O w(d welll) pe 7eF eds el iaeO a aecDs yale), 
4,17 (q, J = 7.0 cps, 1H), 2.47 (s, 3H), 1.94 (s, 3H), 1.58 (d, J = 
7,0 cps, 1H); Infrared (CHCl), 1605 (m), 1580 (s), 1500 (s), 
140 (3), 1100 (s), 910 (s) em. 

Anal, Caled, for C,,H,,NO,S: ©, 56.83; H, 6.203 N, 6.66; S, 15.17. 


1c eve 
Found: CG, 56.90, 56.593 H, 6.0%, 6.233 N, 6.37, 6.543 S, 15.09, 15.06. 
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Methyl a-(2-Methyl-5-nitrophenyl)ethyl Sulfone (54) 


In a procedure similar to that for the preparation of 45, the 
sulfide 34 was oxidized to its sulfone 54 in an 80.5% isolated yield: 
ego uae arma al N.M.R..(CDC1,), § 8.38 (a, J = 2.5 cps, 1H), 8.14 (a, 
TH), 7.45 (d; J = 8,0 cps, 1H), 4.64 (q, J = 7.0 cps, 1H), 2.85 (s, 
BH), 2-59 (sy Ju), 1.07 (d, J = 7,0 cps, 3H); Infrared (CHC1,), 1605 
(wi, L580 Gi), 1510 (m), 1345 (s), 1310 (s), 1280 CH), 1265 (a); 

1135 (s), 1115 (s), 945 (s), 900 (m) oma 
anal, Caled. for Cy Hy ,NO,S: C, 49.975 Hy 5.395 Ny 5.763 


Byoloeton “Pounds Gy 40520, 749, COloHy 65.0450, Gon Np 5eO0T ofl 3e0ce 


2-Methyl-5-Chlorobenzaldehyde (55) 
This was prepared by the method of Jolad and Rajagopal (58). 


A 10% solution of formaldoxime was prepared by dissolving 11.5 g 
paraformaldehyde and 26.3 g hydroxylamine hydrochloride in 70 ml. 
hot water, adding 51 g sodium acetate and refluxing the mixture for 
15 minutes, To the resulting solution 6,25 g copper sulfate, 1 g 
sodium bisulfite and 160 g hydrated sodium acetate in 180 ml, water 
were added, To 2-methyl-5-chloroaniline (36 g, 0.25 mole) in 57 ml, 
concent HCl and 150 ml, water at a, was added dropwise a solution 
of 17,5 ¢ sodium nitrate in 25 ml. water, After the addition, 22 ¢ 
hydrated sodium acetate was added to neutralize the solution. The 
neutral diazonium chloride solution was introduced below the surface 
of the formaldoxine solution with vigorous stirring at 10 - see 
Stirring was continued for one hour, then the solution was made 


neutral to Congo Red paper and a further 230 ml. concentrated HCl added. 
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The solution was refluxed for 2 hours, then steam distilled. The 
distillate was neutralized with 5% aqueous sodium bicarbonate and ex- 
tracted with ether, The ether extract was concentrated to dryness and 
the residue shaken at eye with 90 ml. of a 40% aqueous sodium meta 
bisulfite solution, The addition product was filtered, washed with 
ether and decomposed in 60 ml 2N HCl. This hydrolyzed solution 

was extracted with ether several times, The combined ether extracts 
were washed with 5% sodium bicarbonate solution, water, dried over 
magnesium sulfate and concentrated. The residue was crystallized from 
Skellysolve B to yield 15.2 g (0.0983 mole, 39.3%) 55: mp. 29-31, 
sublimed at 30° (0.2 mm), mp. 31 - 32°; 2,4-DNP, mp. 250 - 251° 


(reported 2,4-DNP mop. 246 - 247° (58)); N.M.R. (CDC1,), 8 10.72 (s, 


3) 
TH)Ne7 O74 (dy Ose=2h0F eps MHF Y7 549 (gy LH) ye7 yd yeas = 82 08cps, 
1H), 2,63 (s, 3H); Infrared (nujol), 2610 (m), 1680 (s), 1590 (m), 
1555 (w), 890 (s), 820 (s) on™+, 

Anal, Caled, for CoHClo: 6, 62,15; H, 4.56; Cl, 22.93, 
Found: C, 61.84, 62.30; H, 4.51, 4.64; G1, 22.88, 22.96. 


2-Methy1-5-chlorobenzyl Alcohol (56) 

The aldehyde 55,(13.3 g, 0.0862 mole) in 50 ml. methanol at 
20° was reduced by the dropwise addition of a solution of 1.70 ¢g (0,045 
mole) sodium borohydride in 20 ml, water. After addition, the reaction 
mixture was diluted with water and extracted with ether several times. 


The ether extracts were washed with water, dried over magnesium sulfate 


and concentrated, The residue was crystallized from benzene-Skellysolve 


0) 
B to yield 11.5 g (0.0735 mole, 85.4%) 56: mp. 44 3 NMR, (CDC1,), 
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§ 7026 (s, 1H), 7.08 (d, J = 8,0 cps, 1H), 6.99 (d, J = 9.0 eps, 1H), 
4,49 (s, 2H), 2.96 (s, 1H), 2.18 (s, 3H); Infrared (CHCl), 3600 (m), 
1600 (m), 1490 (s), 1100 (m), 880 (m) cm7, 


Ayal yi Calc, for CoH ClO: CG, 61.353 H, 5.793 Gl, 22,64. Found: 


S, 
G, 61.66, 61.543 Hy5.57, 6.10} Cle t2c.18,ece.90s 


2-Methyl-5-chlorobenzyl Bromide (57) 
HBr gas was bubbled through a 50 ml. benzene solution of 56 


(11,3 2 ye0.0723 mole) until no further water separated. The reaction 
mixture was poured into water and extracted with benzene several 
times, The benzene extracts were washed with 5% aqueous sodium 
bicarbonate solution, water, dried over magnesium sulfate and con- 
centrated, The residue was crystallized from benzene-Skellysolve B 
solvent mixture to yield 13.9 g (0.0632 mole, 87.5%) 57: m.p. 31 - 
32°; NMR, (CDCL,), § 7.26 (s, 1H), 7.18 (a, J = 7.5 cps, 1H), 7.08 
(4, J = 7.5 cps, 1H), 4.41 (s, 2H), 2.35 (s, 3H); Infrared (CHC1,), 


1600 (m), 1575 (w), 1145 (w), 1110 (s), 900 (s) on™, 


Ethyl 2-Methyl-5-chlorobenzyl Sulfide (42) 

The bromide 57 (12.9 g, 0.0587 mole) in 100 ml. methanol was 
slowly added to a stirred sodium ethanethiolate solution prepared 
by adding 1.44 g (0.0626 mole) sodium metal and 4 g ethanethiol to 
4O ml, methanol, After one hour stirring, the reaction solution was 


diluted with 100 ml, water and the resulting mixture extracted with 


ether several times, The ether extracts were washed with water, dried 


over magnesium sulfate and concentrated, The residue was distilled 
under reduced pressure to yield 8,00 g (0.0399 mole, 68.2%) 


42: bsp. 117 - 118° (6 mm); 12° = 1.56115 N.M.R. (CDCL,), 8 7.24 - 
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6.99 (m, 3H), 3.64 (s, 2H), 2.46 (q, J = 7.5 cps, 2H), 2034 (s, 3H), 
1.23 (t, J = 7.5 cps, 3H); Infrared (neat), 2985 (s), 2965 (s), 1595 
(m), 1485 (s), 1400 (m), 1265 (m), 1115 (m), 900 (m), 885 (m), 815 
(s) em™), 


Anal” Caled, for C ClS: C, 59.843 H, 6.53. Found: 


10713 
Cy 59.97, 59.68; H, 6.79, 6,64, 


Ethyl 2-Methyl-5-chlorobenzyl Sulfone (58) 


In a procedure similar to that for the preparation of the nitro- 
sulfones 45 and 54, the chlorosulfide 42 was oxidized to its correspond- 
ing sulfone 58: mp. 116 - 117°; N.MR, (CDC1,), § 7.28 (m, 3H), 4.23 
(SPh2h) 753200 8(q d="? 5 cpsy) 1H), 92.42 (2,938), 241a(t, J i=/7<5eeps, 
3H); Infrared (CHCl), 2970 (w), 1590 (w), 1475 (m), 1310 (s), 1120 
(s), 890 (m) oe 

Anal, ‘Caled, for Cy oH 4C10,8 ey, eli oie, Selshe ey, aly sh 
Syelse7om abounds G, 851,77, SisslinH, 9:00; 5207/3) Cl; ele toy) t5e05) 


S, 13.93, 13.81. 


Acetaldoxime 


Acetaldoxime was prepared according to the method of Wieland (Gio 
To a solution of 175 g hydroxylamine hydrochloride and sodium carbonate 
in 450 ml. water at ane was added slowly 100 g acetaldehyde in 50 ml. 
water, After 15 hours at 0°, the solution was saturated with salt 
and the mixture extracted with ether. After drying the extracts over 
magnesium sulfate, the organic layer was fractionally distilled at 


atmospheric pressure through a Vigreaux column collecting 12 g, beD. 


103 - 109° and 65 g, b.p. 109 - 114° fractions of acetaldoxime,. 
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2-Methyl-5-chloroacetophenone (59) 

This was prepared by the method of Beech (59). 2~Methy1-5~chloro~ 
aniline (35.5 g, 0.247 mole) was diazotized as previously described 
for the preparation of the aldehyde 55. The neutralized diazonium salt 
solution obtained was passed below the surface of a stirred solution 
of 22.5 g acetaldoxime, 12.5 g copper sulfate, 1 g anhydrous sodium 
sulfite and 165 g sodium acetate in 200 ml. water at 10 - ie After 
the addition, the stirring was continued for one hour, then the solu- 
tion was made acidic to Congo Red paper and a further 230 ml, concen- 
trated HCl added. The resulting mixture was refluxed for three hours 
then steam distilled, The distillate was neutralized with 5% sodium 
bicarbonate solution and extracted with ether, The ether extracts were 
washed with 10% aqueous sodium hydroxide solution, water, dried over 
magnesium sulfate and concentrated. The residue was fractionally 
distilled through a vigreux column under reduced pressure to yield 
11.4 g (0.0676 mole, 27.4%) 59: Dbep. 94 - 96° (4.5 mm); fe = 1.5462 
(reported b.p, 121 - 122° (7 mm); nea = 1,5452 (60)); 2,4 DNP mp. 

183 - 184°; N.MR. (CDC1,), 8 7.60 (4, J = 2.0 cps, 1H), 7.27 (ay 1H), 
7,10 (d, J = 8.0 cps, 1H), 2.53 (s, 3H), 2.45 (s, 3H); Infrared (neat), 
1685 (s), 1595 (w), 1480 (m), 1355 (s), 1285 (s), 1240 (s), 1100 (m), 
955 (m), 840 (m), 820 (m) ene 


a-(2-Methyl-5-chlorophenyl)ethyl Alcohol (60) 


To 6,82 g (0,0405 mole) 59 in 50 ml. methanol at room temperature 
was slowly added a solution of 0,746 g (0.0197 mole) sodium borohydride 
in 2 ml, 10% aqueous methanol and 18 ml. water, The reaction solution 


was poured into 50 ml, 2N HS0), and the mixture extracted with ether, 
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ys 
The ether extracts were washed with water, dried over magnesium sulfate 
and concentrated, The residue was distilled under reduced pressure 
tomyielaw5y Gove '(0,0992,)'82) 2%)" 60:  b. pone 98° (3.5 mn); no = 1.5457, 
N.M.R, (cDC1,), § 7.48 (d, J =1.5 cps, 1H), 7.08 (m, 2H), 5.04% (q, 
¥=86, Stops, 2) 2. 26(syr FH), SYLe sy. THES h(a Perse hcpst 
3H); Infrared (CHL), 3600 (m), 1595 (m), 1400 (m), 1375 (m), 1105 
(s), 1075 (s) enaes 
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a-(2-Methyl-5-chlorophenyl )ethyl Bromide (61) 


HBr gas was bubbled through a 10 ml. benzene solution of 1,62 g 
(9.52 mmole) 60 until no further water separated, The mixture was 
poured into water and extracted with benzene several times, The 
extracts were washed with 5% sodium bicarbonate solution, water, 
dried over magnesium sulfate and concentrated. The residue was dis- 
tilled under reduced pressure to yield 1.59 ¢ (6.78 mmole, 71.3%) 61: 
dep. OW (3.5 mm)s 02° = 1.5720; N.M.R, (CDCL,), 6 7.49 (a, J = Leh 
Gnsy it) S7elO"( mn, 2H), “Seol (dq, J = 6.5 cps, 1i)S) 2295's, 6H) » 2.03 
(4, J = 6,5 cps, 3H); Infrared (neat), 2980 (m), 1590 (m), 1480 (s), 


1450 (m), 1185 (s), 860 (s), 810 (s) onan 
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Methyl a-(2-Methyl-5-chlorophenyl)ethyl Sulfide (41) 

The bromide 61 (1.63 g, (6.93 mmole) was added to a stirred 
sodium methanethiolate solution at Oy prepared by dissolving 0.169 g 
(7.33 mmole ) sodium metal and 1 ml. methanethiol in 10 ml. methanol, 
After stirring for $ hour, the reaction solution was poured into water 
and the mixture extracted with ether, The ether extracts were dried 
over magnesium sulfate and concentrated, The residue was distilled 
under reduced pressure to yield 1,02 g (5.08 mmole, 73.05%) Als 
beps 108 - io (5 mm); ag = 1.5640; N.M.R. (CDC1,), Offaitemisy 2H), 
W.05 (0, 2H); 4.08 (q, dem .6e5ecps,01H),.2033aCay 3H), 1e94h (sp 3H), 
1.55 (4, J = 6.5 cps, 3H); Infrared (neat), 2985 (m), 2920 (m), 

1595 (m), 1484 (s), 1450 (s), 1125 (m), 865 (s), 810 (s) cues 

Anal, Calcd, for Ci oily 01s: Comes 9WG5 18, 60. 52snGl, 917,06} 

So eo (awe wounds (0059.90, 59.92) Hy 0.005010 jn Clim ?so7 pul yoo} 
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Methyl a-(2-Methy1-5-chlorophenyl)ethyl Sulfone (62) 

In a procedure similar to that for the preparation of the sulfone 
58, the sulfide 41 was oxidized to its sulfone 62: m.p. 143 ~ WW’; 
3)» 8 7470 (s, 1H), 7.36 (s» 2H), 458 (aq, J = 7.0 cps, 1H), 
2B some yeah Om cigs 3H quel Ga Gye J eye CDS wo) feel oeeeared, 
(CHC1,), 2900 (w), 1590 (w), 1480 (m), 1300 (s), 1130 (s), 945 (s), 
860 (m) mas 

Anal, Caled, for C,H,C10,8: CG, 51.61} H, 50633 Cl, 15.235 Sy 


LOeLS. “en 
13,78, Found: C, 51.70, 51.533 Hy 5075, 50613 Cl, 14,95, 15.115 


N.M.R. (CDCL 


Dy 13.975 13,91. 
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p-Chlorobenzyl Methyl Ether (43) 
A 6.5 g quantity (0.0317 mole) p-chlorobenzyl bromide (37) was 


added to a sodium methoxide solution (1 g sodium metal in 30 ml, 
methanol) and the mixture refluxed ee 2 hours, The reaction mixture 
was poured into water and the mixture extracted with ether several 
times. The ether extracts were washed with water, dried over 
magnesium sulfate and concentrated. The residue was distilled under 
reduced pressure to yield 4.24 g (0.0271 mole, 85.7%) 43: Dip. 
70 - 71 (10 mn); na = 1.51903 N.M.R. (CDC13)5 6 7634 (sy 4H). 
4,45 (s, 2H), 3.41 (s, 3H); Infrared (neat), 1600 (w), 1490 (s), 
1410 (w), 1380 (w), 1195 (w), 1090 (s), 1020 (m), 810 (m) cmptes 

Anal. Caled. for CoH. ClO ins CyMiGl VO SyaH eehw79 wl i22e648 


) 
Poundslwey Gie626eG5 jel, Gi74ge6v08y Glye22c62neerb 3s 


Asymmetric Induction Hxperiments 
1) Ethylmethylsulf onium p-nitrobenzylid with benzaldehyde 

A 0.414 g quantity (1.33 mmole) (-)-21, [al 36 - 37.7° (¢ 0.408, 
methanol), was dissolved in a minimum amount of methanol and eluted 
through an hydroxide exchange column into a flask containing 0.1487 g 
(1.40 mmole) benzaldehyde. The solution was stirred under N, for one 
hour then concentrated. The residue, 0.310 g, had a specific rotation 
of [a] 56 + 6.37° (¢ 1.24, CH,Cl,). This was crystallized fron methylene 
chloride-Skellysolve B solvent mixture to yield 0.184 g (0.76 mmole, 
57%) racemic oxirane 28. The mother liquor was concentrated to yield 
0,151 g material, [a] 646 te 12.2 (c 5¥02, CHCl). This latter residue 
was triturated in pentane to crystallize 0.063 g (0.26 mmole, 20%) 


(+)-28: mp. Vesey [a] 56 + 5538 (c 0.506, benzene), The N.M.R. 
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spectrum of the active oxirane was superimposible upon that of racemic 
material, After concentration of the mother liquor from the latter 
crystallization, the N.M.R. spectrum of the residue indicated the pre- 
sence of 28 as well as decomposition products including sulfide 34, 
A final 9 mg of solid material, mp. 120 - 122, (a) Fig + 20 (c 0.18, 


benzene) was obtained by trituration of the residue in Skellysolve B, 


2) Ethylmethylsulf onium p-nitrobenzylid with acetaldehyde 

In a similar manner, 0,672 g (2.16 mmole) (+)=21, [a] 36 ae) 
(c 0.459, methanol), was dissolved in a minimum amount of methanol 
and eluted through an hydroxide exchange column into 6 ¢ acetaldehyde 
at ae The wine-red colour of the ylid disappeared almost immediately. 
The solvent was removed and the residue crystallized from benzene-pentane 
solvent mixture to yield 0.194 g (1.08 mmole, 50.2%) racemic 31. When 
the evaporation residue of this crystallization was titurated in hot 
Skellysolve B and the mother liquor decanted from a red residue and 
cooled at 5°, 0.0774 @ (0.43 mmole, 20%) (~)-31: m.p. 85 - 86 3 
[0] 136 a tnisys (c 0.77, benzene), was isolated. The red residue, 
optically active (-), was shown by N.M.R. spectroscopy to contain some 


epoxide 31 plus decomposition products including sulfide 34. 


3) Rate of change of optical activity of (+)-ethylmethylsulfonium 
p-nitrobenzylid 

A 0,555 € quantity of 21, hier + 38.2" (c 0.385, methanol) was 
dissolved in 40 ml, methanol and passed through an hydroxide exchange 
column into a 100 ml. volumetric flask. Aliquots of this solution were 
transferred to polarimeter cells thermostated at Bue and come The change 


of rotation observed on the sodium D line are given in Table IX, 
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TABLE IX 
RAT# OF CHANGE OF OPTICAL ACTIVITY OF (+)-ETHYLMETHYLSULFONIUM 


p-NITROBENZYLID™ 


25 Bee 

Time, sec, 0 551° Time, sec. Oca99° 
0 0.077 1350 0.060 
1750 0,085 1500 0,072 
(Paes 0,091 1900 0,083 
10150 0,084 2850), 0,081 
15350, 0,076 7175 0.052 
28500 0.062 8900 0, O44 
42200 0.056 12650 0.034 
78000 0,049 42150 0,028 
100900 0,030 100900 0,028 


0.028 


l fo) 
a: Effluent solution from 0.555 g 21, [a] 36 $998.2 (eo O1gd5, 
methanol), 
bs Wine-red colour of ylid disappeared. 


4) Sommelet rearrangement of Ethy lmethy1=p-nitrobenzylsulfoniun 
perchlorate ((+)-21) 
1.01 tity5e23 Gols moteelipe ayia Ble, 2 eCcMTOG 

Al, § quantity * mm £+5 |G 136 e © ta ’ 
methanol), was dissolved in methanol and eluted through an hydroxide 
exchange column into a 250 ml. volumetric flask, After nine hours at 
room temperature, a 49.93 ml. aliquot of the effluent solution and 
a 4,890 ml. aliquot of a solution of 1.422 g benzhydrol (8.0 mmole) in 


100 ml, benzene were mixed and the solution concentrated, 
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Using the integrations of the benzylic protons of sulfide 33, the 
S-methyl protons of sulfide 34 and the benzylic proton of benzhydrol 
in the N.M.R. spectrum of the evaporation residue, the yields of 

the two sulfides 34 and 33 were estimated to be 30% and 12% 


respectively. This analysis is summarized in Table Xe 


TABLE X 
N.M.R, PRODUCT ANALYSIS OF THE SOMMELET REARRANGEMENT OF ETHYLMETHYL- 


p-NITROBENZYLSULFONIUM PERCHLORATE™ 


Compound Ave, Integ. # Protons Mmole/Analysis Yield, mmole, % 
benzhydrol | 1.95 l benzylic OF SH. 

sulfide 34 2.90 3 S-methyl 0,194 0597—" 30 
sulfide 33 0.79 2 benzylic 0,076 Orsi ale 


a: theoretical yield of products per analysis, 1/5 of 3.23 mmole (+)-21, 


Crude (+) sulfide 34, [0] 69 Ronepeny [el og rae [a] 36 - 
42.7 (c 0.483, CHCl.) was isolated from the remaining reaction 
mixture by chromatography of the evaporation residue in a manner 
analagous to the isolation of the pure racemic sulfide. Crystallization 
of the crude from Skellysolve B gave sulfide (+)-34, [a] 136 + 39.1° 
(c O7350, CHCl). This material was pure by GIC, analysis. Its 
N.M.R, and Infrared spectra was superimposible with those for racemic 


) 
material, Assuming the absolute rotation of 21 to be Al 36 414 
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(c 0.459, methanol), the highest specific rotation recorded, the 
corrected rotation for the non-crystallized sulfide obtained for 
this experiment was hier + 51.0 (¢ 0.483, CH,Cl,). 

In a similar experiment, the 250 ml. solution of the yaode ce 
derived from 1.01 g (3.23 mmole) (+)-21, her, + 40.3° (c 0,94, methanol), 
was let stand at room temperature for 17 hours. A 150 ml. portion of 
this solution was concentrated to dryness and the residue chromato- 
graphed on 22 g Woelm neutral alumina (activity one) with benzene- 
Skellysolve B solvent mixtures to give 0.0512 g (0.242 mmole) non- 
crystallized (+)-34, [al 2, + 54.2° (c 0.512, CH,C1,), comected 455.6% 
Oxidation of this latter crude (+)-34 with 0.103 g (0.91 mmole) 

30% H0, in a manner described for the preparation of the racemic sulfone 
54, gave after workup 0.0567 g (0.233 mmole, 96.5%) non-crystallized 
(oe ima [a] i136 + 31.6° (c 0.567, CHCl). The N.M.R, spectrum of this 


material was superimposible upon that of its racemate, 


5) Sommelet rearrangement of (R)-(+)-p-chlorobenzylethylmethyl- 
sulfonium perchlorate ((R)-(+)-35) 

A 0.502 g quantity of (R)-(+)-35, [2] 546 Cres (c 0.566, 
methanol), was treated with sodium methoxide in a procedure similar 
to that described for its racemate. The evaporation residue after 
workup was transferred to a 5 ml. volumetric flask with benzene and 
analyzed for optical rotation, a Bes + rieglly Bie a se + 2,4”, 
Using the product yield determined later, the specific rotation of 


(eo) 
the active sulfide 41 was [a] a9 Sais Dis ti [olin + 67.4 (c¢ 3.62, benzene). 
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The product balance for this rearrangement was determined by GLC 
using the column and conditions outlined earlier for the analysis of 
the racemate, An accurately known amount of the internal standard, 
2-methylnaphthalene, Ra = 7,40 minutes, was added to each injection 
solution in order to ascertain the percentage yields of each 
component, In order to calibrate the analytical method, a series of 
standard solutions for each component of various concentrations were 
prepared by making a series of dilutions of a stock solution of 
each in benzene as shown in Table XI. Control solutions in serum- 
capped vials were prepared by transferring 1.014 ml. of each of these 
standard solutions by means of a calibrated automatic pipette to 
1,014 ml. aliquots of a 2-methylnaphthalene stock solution. A typical 
stock solution of the internal standard was prepared by dissolving 
0,314 g 2-methylnaphthalene in benzene in a 25 ml. volumetric flask, 
The series of control solutions containing various ratios of each 
component relative to the internal standard were injected into the 
GIC in 20 wl, aliquots and the area of each component relative to the 
peak area of the internal standard was calculated using the Honeywell 
Disc Chart Integrator. The weight ratios and observed area ratios 
of the control solutions are listed in Table XII. Standardization 
curves were constructed by plotting the area ratio versus weight ratio 
as illustrated in Figure XIV for the case of sulfide 41. The slope 
of the line was determined by using a least squares program available 
for an Olivetti Programme 101 Electronic Desk Computor. 

A 1,014 ml, aliquot of a stock solution of the internal standard 
and a 1,014 ml, aliquot of the optical analysis solution were mixed 


and three 20 pl, samples of the resulting solution were injected into 
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STANDARD SOLUTIONS FOR THE PRODUCT ANALYSIS OF THE SOMMELET REARRANGE- 


MENT OF (R)-(+)-p-CHLOROBENZYLETHYLMETHYLSULFONIUM PERCHLORATE 


solution Aliquots of Stock* Aliquots of Benzene Dilution Factor 


nls 
A lx 1,014 
B 4% x 1,014 
C 3.x 1,014 
D 2 x 1,014 
E 19x71, O14 
F 19371, Ol4zorec 
G 19x91, 014 


as: Stock solution of sulfide 


mls 


0 
1 x 1.014 
1 x 1.014 
ex 12014 
1 x 1,014 
1 x 1,014 


4 x 1,014 


1.00 
0.80 
0.75 
0,67 
0.50 
0.375 
0.20 


41, 1.6536 g / 25 ml. benzene; 


of sulfide 42, 0.4068 g / 25 ml. benzene; of ether 43, 
0.3366 g / 25 ml. benzene, 
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TABLE XII 
CONTROL ANALYSES OF THE PRODUCTS OF THE SOMMELET REARRANGEMENT OF 


(R)~(+)-p-CHLOR OBENZY LETHY LMETHYLSULFONIUM PERCHLORATE 


Control Weight and Area Ratios of Substrate / Standard 
sulfide 41 sulfide 42 ether 43 

weight area weight area weight area 

A 550) 92 1.344 1,137 2,088 TO 

B Wes 3.95 1.075 0.966 OvO70 8) 05032 

C 4.16 ©6378 15008 9) 0,077 0.816 0.756 

D Sy) Spey 0.897 0.784 0.725) On715 

E 2.77 2.49 050720 C72 0.544 0,598 

F 2,09 1,84 0.504 0,496 0.408 0.406 

G aed 0 Orz59u Oncol 07218) "0,259 
SLOPE™ 0,889 0,861 0,885 


a: From the calibration curves plotting area ratios versus 


weight ratios. 
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Figure XIV, Calibration curve for methyl a-(2-methyl-5-chlorophenyl)-~ 
ethyl sulfide (41) using 2-methylnaphthalene as an internal 


standard, 


the GIC, The area of each component relative to the peak area of the 
internal standard was calculated, Knowing the slope, the area ratio 
of the component and the standard, and the weight of the internal 
standard, it was possible to calculate the weight of each component 
analyzed in each injection solution and hence the weight of each 
component in the bulk sample. Table XIII summarizes the results of 
these experiments to determine the product balance, 

The optical analysis solution remaining after GIC analysis was 
concentrated and the residue dissolved in a small amount of benzene 
was injected into the GIG in 20 wl. aliquots, The gases corresponding 
to the desired active sulfide (+)-41 were condensed in a U-tube fitted 


into the collection port of the GIC instrument. The condensate, 


RT 
589 


Infrared spectra identical with those for racemic material. 


i ee [a 36 + 66.2° (c 0,660, benzene), had N.M.R, and 


In a similar experiment, 0.504 g (1.67 mmole) (R)-(+)-35, 


fede 
54 


The evaporation residue after workup was dissolved in benzene in a 


[oleng + Tope (c 0,566, methanol), was treated with sodium methoxide. 
25 ml. volumetric flask. A concentrated benzene solution of the 
evaporation residue from 15 ml. of this solution was injected into 
the GIC in 20 wl. aliquots. The gases corresponding to the active 


oO 
sulfide (+)—41 were condensed, The condensate, [ol 36 + 70.83 


(c 0.26, benzene), was oxidized with excess HO, as described previously 


for the oxidation of the racemic sulfide to give the sulfone (+)-62, 
(01 565 + 26.9° (c 0.29, benzene). The N.M.R, spectrum of this 


non-crystallized material was superimposible upon that of its racemate. 
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TABLE XIII 
PRODUCT YIELDS FOR THE SOMMELET REARRANGEMENT OF (R)-(+)-p-CHLORO- 


BENZYLETHY LMETHYLSULFONIUM PERCHLORATE ~ 


ee ee OE Bee ee ee eee eee Ae ee 


Compound Area Ratio b Mg / Analysis i Total Yield, Average Yield, 

mnole % 

AL 2.54 36.4 0.90 
2263 3767 0.93 539 

Bebo: 36.0 0.89 

42 0.542 8,03 0,20 
0.599 G.07 0.22 1256 

0.579 8.57 0.21 

43 0.983 14,2 0.45 
We079 oe 0.49 27.6 

0.984 14,2 0.45 


Total recovery = 94,1% of theory 


at Analysis solution contains 12.75 mg 2-methylnaphthalene as 
internal standard and 1.014/5 of the products from the 
rearrangement of 1.67 mmole (R)-(+)-35. 

b: Product/standard area ratios from GLC analysis, 

ec: Calculated knowing the slopes from Table XII for the 


calibration curves, 
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CHAPTER FOUR 

ESTIMATION OF ASYMMETRIC INDUCTION IN THE SOMMBLET REARRANGEMENTS 
Introduction 

As indicated earlier, the extent of asymmetric synthesis in a 
reaction is directly related to the optical or enantiomeric purity 
of the product formed, Although enantiomeric purity and optical 
purity give the same information about an enantiomeric mixture and 
hence can be used interchangebly, a distinction between the two will 
be maintained in this chapter because of the inherently different 
experimental methods used to determine each, The task was therefore 
to determine the optical and enantiomeric purity of the active 


Sommelet sulfides (+)-34 and (+)-41. 


Enantiomeric Purity of the Sommelet Sulfides 
Of the N.M.R. methods available to determine the enantiomeric 
purity of a compound, the techniques involving chiral shift reagents 
give accurate data with the least amount of experimental time. The 
chiral lanthanide shift reagent Tris [(3-(heptafluorobutyryl)-d-camphorato]- 
europium(III), commonly abbreviated as Bu(htbe),, has been reported 
to cause differential downfield shifts (LIS) in the N.M.R. spectra 
of numerous racemates containing functional groups such as amines, 


alcohols, esters, ketones, epoxides, sulfoxides and aldehydes (74) 
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When a ets stock solution of Bu(hfbe). was added to a solution 
of either of the racemic Sommelet sulfides 34 or 41, no spectral shifts 
were observed in the N.M.R. spectra, However, when the reagent was 
added to solutions of their corresponding sulfones 54 and 62, 
spectral shifts were observed with the enantiotopic groups giving 
distinguishable resonances, At the appropriate molar ratios of shift 
reagent to sulfone, the S-methyl and a-methyl resonances for each 
enantiomer were separated sufficiently such that the relative areas 
of the resonances for each enantiotopic group could be determined by 
integration using a Varian HA 100 Analytical Spectrometer, Hence, 
for the active sulfones, the enantiomeric purity could be obtained 
from the relative integrations of the resonances of enantiotopic methyl 
groups. It was found that the enantiomeric purity of the sulfones 
could be determined without having to isolate the sulfides in a pure 
state from the crude reaction product. When the reaction product 
was oxidized with excess H0, in acetic acid at 100° , the extraneous 
compounds in the oxidized mixture were found not to interfere with the 
NOM RG entareit of the active sulfones., Fortutiously, the by-products 
such as the ethyl sulfones 45 and 58, ethers and other compounds in 
each mixture, did not have spectral absorptions coincident with the 
enantiotopic resonances studied when the shift reagent was added. 
Obviously, the accurate estimation of enantiomeric purity using 
enantiotopic resonances requires that no extraneous signals be buried 


under the signals studied thereby biasing the relative ratio of the 


integration, 
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N.M,R, spectral shifts were also observed for the pure ethyl 
sulfones 45 and 58 in the presence of su(hfbe)... As the hydrogens 
of the methylene groups in the benzyl and ethyl portions of the 
molecule were prochiral, they became diastereotopic to one another 
under the influence of the chiral shift reagent with the result 
that small differential shifts between the pro-R and pro-S hydrogens 
were observed, Similar differential N.M.R, resonance signals have been 
observed for the internally enantiotopic protons of dibenzyl sulfone 
(75). 

The results of the chiral shift experiments to determine the 
enantiomeric purity of the active sulfones derived from the 
sommelet rearrangements, as outlined in detail in the experimental 


section, are: nitro-sulfone 54, 19.5 + 0.7% (isolated) and 20.3 + 


its 


0.7% (crude); chloro-sulfone 62, 27.0 + 1.2% (isolated) and 25.5 
0.4% (crude), The term "isolated" refers to non~fractionally 
crystallized sulfones obtained from pure sulfides isolated from the pro- 
duct mixtures of the Sommelet rearrangements described in Chapter Three, 
The term "crude" refers to the sulfone present in the oxidized product 
mixture obtained as described in the experimental section of this 
chapter, The errors reported with these numbers are the average 
deviation from the mean of six determinations. The agreement 

between the analyses for the isolated sulfones and those for the 

crude sulfones verifies that there were no extraneous signals buried 
under the enantiotopic resonances that were used to estimate the 
relative amounts of each enantiomer. The enantiomeric purity of the 
sulfides was taken to be identical with their sulfones, as racemization 


during the oxidation of the sulfides in the acid medium was considered 
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unlikely, It has been shown, however, that chiral centers adjacent 
to sulfonyl functions racemize under base-catalyzed conditions via 
a-sulfonyl stabilized carbanion (76), 

In order to verify these estimations of enantiomeric purity, 
an independent method of analysis was required. To accomplish this, 
work was initiated simultaneously to prepare the resolved Sommelet 
sulfides and sulfones. The optical purity of the sulfides isolated 
from the Sommelet rearrangements could then be determined by comparison 
of the observed specific rotations with the absolute rotations of the 


pure enantiomers, 


Ee eee ig Se Ae a ge vee Ra thy Une ey etna yey 
Sulfide (34) 

The synthetic route to the racemic sulfide 34 proceeded via 
o-(2-methyl-5-nitrophenyl)ethyl alcohol (51). Resolution of this 
alcohol would then provide the necessary precursor to the active sulfide. 
3B-Acetoxy-A-etienic acid (72) was chosen as a possible agent for the 
resolution of the alcohol, The acid has had limited but successful 
usage in resolving alcohols as crystalline diastereomeric esters 
especially when the salt approach failed (77). In addition to the 
usual optical methods, it was hoped that N.M.R. spectroscopy might be 
used to follow the progress of the resolution by monitoring peaks due 
to diastereotopic groups of the esters, 

The acid was readily available by hypobromite oxidation of the 
Pane e ails available pregnenolone acetate (73) by the method of 
Staunton and Eisenbraun (78). The resolving acid was converted to 


its crude acid chloride 74 by reaction with thionyl chloride according 


oothaug abso séaane he ane bias 
otra Wiehiqars. OT skwntuers fon 
tobenmol bhytones etl encuzy nde 
pataleey anhfls nl? to xttivy Ee ae 
rosttatpep qe teviarsieh ad neilt Rinps otrmepmerines 2 
att 2 woptéedo: siuioits GAP BIEy enca detent: ciMvew beiretale 


rulvaltynrciaensn-eabulbnS oy unt wepian kta 9e a ae 

| ehh > 

sty coteedoig J Abltivs Sfperey GF oO efter eleating SAP Sse | 
atde So mondetinbh. US) I buceae “yo binned Sotto aa! 
.sit?ion ayifce ¢si o¢ meynvrg yresnoen @RehiverT ene biuow tenobias: 
wis 36'L Spas eittaees se cp ctegodh eat (ES) Bey nboreddo~ ependeahage. 6 

fetessooia Aint beelnil aa ane alee “ur Atibdin tid a ee 

exetun iyemeyrcelh aulledaygs. ep nieronle gniviosgt aie’) 

editc# poisebhe <t (0%) haste? utimnagie Othe ultimate ghfnioogne Ny 

ed jdiela yqoometécuge 3.1 ted des need _teatas tno taut 

anh ion SamorRct YC apktvdneae allt We areca tt wih a 

,oraday mit de cpsony 6 

tilt % gOLaie of terme yt -ideitewe _liiews saw dhee 


ce ee 


128 


to the method of Steiger and Reichstein (79). Failure to follow 

their experimental conditions initially resulted in high yields of the 
corresponding anhydride. The diastereomeric ester mixture was prepared 
by reaction of the crude acid chloride with the alcohol 51 in pyridine. 
After workup, small amounts of the anhydride 75 were removed by 
fractional crystallization from chloroform-Skellysolve B solvent 
mixture with the ester remaining in the mother liquor, The N.M.R. 
spectrum of the evaporation residue of the mother liquor indicated 

the presence of a 50:50 mixture of diastereomeric esters as the 

angular methyl groups of the steroidal skeleton and the aromatic ortho- 
hydrogen displayed distinct resonances for each isomer, Crystallization 
of the residue from benzene-Skellysolve B solvent mixture gave the 
solid ester 76, mp. 117 - 118°, [01,36 ~ 25.3° (¢ 0,645, CHACl,). 
Unfortunately, repeated crystallization of the ester failed to change 


the integration ratios of the diastereotopic C~18 methyl groups or 


to change the sample's specific rotation, 


COR 
3 72: R= OH 
CH, 
(3: R= CHS 
74: R=Cl 
6: R = OCGH(CH,)Ar 
CH,CO) 76 ( 3) 


Though this resolution failed, a method of determining the optical 
purity of the resolved alcohol once obtained was available. An N.M.R. 
spectrum of the ester derived from an optically pure sample of the 
alcohol would exhibit only one signal for a C-18 angular methyl group, 
This would however provide redundant information with that which could 


be obtained more easily using the chiral shift reagent du(hfbe),. 
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The classical method of resolving an alcohol has involved 
increasing the acidity of an alcohol-containing compound by 
conversion to an alkyl hydrogen phthalate so preparing an organic acid, 
Resolution was then accomplished by the fractional crystallization of 
the diastereomeric salt formed from the acid with a suitable optically 
active base. This technique was used to resolve the hydrogen phthalate 
77 of the alcohol 51 via salt formation with (+) or (-)-a-phenylethyl 
amine (78). The convenient laboratory preparation of both enantiomers 
of the amine following the method of Thielacker and Reichstein (80) 
facilitated the isolation of both enantiomers of the alcohol 5]. 

The hydrogen phthalate 77 was prepared by reaction of the 
alcohol 51 with an equimolar quantity of phthalic anhydride in pyridine 
at 100°, In a typical resolution of the racemate, equimolar amounts 
of the (-)-amine and (+)-77 were mixed in methanol, then ether added 
to the solution and the mixture cooled at 5° to precipitate the less 
soluble diastereoisomer 79, meD-. 167°, In repeated recrystallizations 
of this first crop, the specific rotations of the material maximized 
after two crystallizations then began to slowly decrease. However, 
in several experiments, the hydrogen phthalates (-)-77 obtained from 
the salts after the specific rotations had maximized, had similar 
rotations of Chey, ~ 160 to - 165° (c 1.0, CHC1,), even though the 
salts had specific rotations varying from [a] 1136 - 15 to - 19° (c 1.0, 
methanol). The evaporation residue from the original mother liquor 
of the less soluble diastereomer was crystallized from ether to give 
the more soluble diastereoisomer 80, m.p. 150° [a] 1136 ca. O° (¢ 1.86, 
methanol), Regeneration of the hydrogen phthalate from 80 gave 


RT ) 
(+)-77, [2] 436 +132 (c 44, CHCl). The optical purity of the 
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(+) isomer was increased by resolution with (+)-78, enantiomeric with 
the (-)-amine originally used. Thus the more soluble salt of the (-) 
amine became the less soluble salt of the (+) amine. Regeneration of 
the hydrogen phthalate from this salt gave (+)-77, [a] 136 + 164° 

(c 0,956, CHCL,). 

Neither active hydrogen phthalate obtained gave correct analysis 
though their N.M,R, and Infrared spectra were superimposible upon each 
other and with those of their racemate. Both isomers occasionally 
had sharp melting points of ye though a depression of 3-4 degrees 
was usually observed. These problems of analysis and broadened melt- 
ing points were not overcome despite numerous attempts, The ultimate 
result was unaffected in that base catalyzed hydrolysis of each isomer 
yielded the corresponding (+) and (-) alcohols 51 of opposite rotations 


of (ol 36 ae (7055, CHEZ The identity of the specific rotations 


3)" 
of the two isomers suggested that 100% optical purity of the alcohols 
had been achieved despite the problems associated with their hydrogen 
phthalates, 

The optical purity of each enantiomer of 51 was confirmed by 
observing the downfield N.M,R, spectral shifts for solutions of each 
isomer upon addition or Bu(hfbe).,s At a molar ration of 0.167 for the 
shift reagent to (+)-51, the a-methyl group was split into an observed 
triplet, i. e. overlapping doublets, as observed on a 60 MHz. 
instrument. When Bu(hfbe) was added to solutions of each enantiomer, 
the duplicity of resonances for the a-methyl group was absent and 
only a single doublet was observed in each case. No absorptions due 


to an enantiomeric impurity could be seen in the region of the doublet, 
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Having resolved the alcohol 51, it was necessary to derivatize 
it with a suitable leaving group such that a displacement reaction 
by methanethiolate would provide the desired sulfide 34, In their 
kinetic study of the Walden inversion reactions of o-phenylethyl 
chloride, Hughes, Ingold and Scott found varying degrees of Sy and 
Si displacement reactions, with ions of increased nucleophilicity 
facilitating bimolecular substitution reactions (81). Although 
the methods of preparing active a-phenylethyl chlorides from alcohols 
(with thionyl chloride or phosphorous oxychloride) are well known, 
the stereochemical integrity of the chiral center has not always been 
maintained (81,82), For these reasons, the preparation of the 
tosylate of 51 was considered better than that of the corresponding 
Chloride, If the preparation of the tosylate was successful, the 
overall process from the alcohol to sulfide would involve the 
chiral center only once. The synthetic route to the resolved sulfide 34 
from the racemic alcohol 51 is summarized in Figure XV, 

The tosylate 81 was prepared in yields of 20 - 40 % by the reaction 
of equimolar quantities of 51 with tosyl chloride in pyridine at - 10° 
for three days. The remainder of the product was the corresponding 
chloride 82, The vieid of tosylate could not be increased beyond 40% 
despite attempts to alter the reaction conditions. During the reaction, 
pyridinium hydrochloride precipitated thereby consuming chloride ion 
which could not react with the tosylate to produce the undesired 82, 

To ensure that the pyridinium hydrochloride would precipitate, the 
reaction mixture was seeded with a crystal of the salt, Despite the 


seeding, considerable yields of the chloride were always obtained. 
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phthalic anhydride, 
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Figure XV. Preparation of optically active methyl a-(2-methyl-5-nitro- 
phenyl )ethyl sulfide and sulfone. 
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Tosylate of constant rotation, (a6 352 (co 0.5 - 1.2, benzene) 
for each enantiomer, was obtained by the fractional crystallization 
of the crude product three times from benzene-Skellysolve B solvent 
mixture. 

Nucleophilic displacement by sodium methanethiolate on the 
tosylate (-)-81 in ethanol yielded re desired sulfide (+)-34: 
crude non-crystallized, hier + 242° (¢ 0.963, CH,C1,); crystallized, 
[a]is6 + 266° (c 0,656, CH,Cl,). Similarly, the enantiomeric crude 
non-crystallized sulfide (-)-3, [a 136 - 256° (¢ 0.534, CHC1,), was 
obtained from the tosylate (+)-81, The sign inversion that occurred 
in proceeding from the alcohol to sulfide via the tosylate suggested 
inverted stereochemistry in the sulfide compared to the alcohol or 
tosylate, as was expected from the published results of the Sy reactions 
of hydroxide, alkoxides and thiolates on optically active a-phenylethyl 
chloride (81,83). 

Oxidation of the sulfide (+)-3!, [a] 136 + 266° (¢ 0,656, CH,G1,), 
gave after crystallization from GHOT sp ke Ltysollve B solvent mixture, 
the corresponding sulfone (+)-54, [a] 136 + 149° Cc -0s72, CHCl). 

The enantiomeric purity of this sulfone was 86,0 + 1.0% as determined 
by N.M.R. spectral shift analysis. The absolute rotation of the 
sulfone was therefore calculated to be [A] fhe eh The maxinun 
specific rotation obtained for (+)-54 was [a] i336 + 155° (¢ 0,21, CHCL,) 
after several recrystallizations from benzene, Similarly, oxidation 

of the sulfide (-)-34, (2136 - 256° (c 0.534, CHC1,), gave the 
corresponding crude sulfone (-)-54, [aliy36 ~ 145° (OeOe 555 CHC1,). 

The enantiomeric purity of this sulfone was determined to be 94,1 + 


0,3%, From this figure, the absolute rotation of the sulfone was cal- 
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436 154°, However, the crude (-)-54 was crystallized 


culated to be [A] 
to give material, Crier ~ 163° (c 0.47h, CHC1,). The incongruity of 
these results suggested that weighing errors became significant in the 
analysis of the crude sulfones, Based on the enantiomeric purity 
estimation of 94,1% for the crude non-crystallized sulfone (-)-54 

and the fact that little optical fractionation occurred upon several 
recrystallizations of (+)-54, the absolute rotation of 54 was again 
calculated to be Siew, at Assuming the oxidation of the active 
sulfide 34 did not affect the stereochemical integrity of the a-chiral 
center and assuming that the tosylates 81 were enantiomerically 

pure, the less than 100% optical purity for the sulfones 54 indicated 
that a small amount of the displacement reaction by sodium methane- 
thiolate on 81 proceeded via an Sy reaction mechanism. 

Typically the crude non~crystallized samples were evaporation 
residues obtained in 25 or 50 ml. 14/20 $ pear-shaped flasks. The 
weight of the crude was determined from the difference in the weight 
of the flask plus crude and the weight of the flask after the crude 
had been washed from the flask with solvent and the excess of solvent 
removed under reduced pressure. Although the flasks were handled 
with tongs and tissue paper during this process, weighing errors 
apparently arose. The weights of the crystallized materials were 
considered more reliable as the solids were easily transferred unto 
tared weighing papers then quantitatively transferred to volumetric 
flasks, The correlations with crystallized rather than non-crystallized 


samples required that there be little or no enantiomeric enrichment 


during the crystallization, as was the case of the sulfone (+)-54. 
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The enantiomeric purity of the sulfide (+)-34, Coney Feohe 
(c 0,656, CHC1,), obtained from the synthesis was therefore 86.0% 
based on the purity of its corresponding sulfone, Therefore, the 
absolute rotation of the sulfide 34 was calculated to be (Al 136 309° 
(c 0.656, CH,Cl,). Comparing the rotations of the sulfide, 

RT ce) ; 

[ol y36 + 55.6 corr., derived from the Sommelet rearrangement with 
this absolute rotation, the optical purity of the product was 18,0%, 
In a similar correlation for the sulfone, hie + 31.6— (c 0.567, 


CHC1,), derived from the Sommelet rearrangement, the optical purity 


of the product was 18,3%. These values of optical purity are in 
excellent agreement with the enantiomeric purity estimation obtained 


using the chiral shift reagent. 


Preparation of Optically Active Methyl a-(2-methyl-5-chlorophenyl)ethyl 
Sulfide (41) 

With the experience gained in preparing the active nitro-sulfide, 
experiments were initiated to prepare the active chloro-sulfide AL 
in a similar manner, The critical stages in the nitro-system involved 
the isolation of the tosylate 81 and a successful resolution of the 
alcohol 51. ‘The tosylate 81 had been so reactive under the experimental 
conditions that a high yield of the corresponding chloride accompanied 
the tosylate. Reaction of the chloro-alcohol 60 with brosyl chloride 
or tosyl chloride in a manner similar to that described for reaction of the 
nitro-alcohol 51 resulted only in the isolation of the corresponding 
chloride 82, No pyridinium hydrochloride could be precipitated from 


the reaction solution even with seeding. This result was not unexpected 
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in view of the substituent change from nitro to chloro resulting in 
a more stabilized benzyl carbonium ion from the reactive sulfonate 
ester of the chloro-system. Simultaneously with these experiments 
to prepare the sulfonate esters of 60, the resolution of the alcohol 
was attempted via its hydrogen phthalate 63. The preliminary results 
presented in the experimental section indicate that the optically 
pure alcohol 60 might be obtained via resolution of 83 with the 
a-phenylethyl amines, 

The search for an alternate route to the active sulfide 41, 
which would not involve reactions at the reactive asymmetric center, 
resulted in the study of the resolution of a-(2-methyl-5-chlorophenyl)- 
ethanethiol ((+)-94), The thiol was readily available by reaction 
of the bromide 61 with sodium hydrogen sulfide. The techniques con- 
sidered for this thiol were based on those routinely described 
in the standard reference books for the resolution of alcohols, 

Consideration was given first to the dlastereomeric salt method 
of resolution, For this purpose, the hydrogen thiolphthalate 85 
was prepared by reaction of the thiol 84 with phthalic anhydride in 
pyridine, However, the attempts to resolve 85 by the salt method with 
either Gis or brucine led to the complete destruction of the 
a-arylethyl moiety, In both instances, active solids could be 
precipitated, but these were shown by N.M.R,. spectroscopy to lack 
the necessary functionality, The N.M.R. spectra of the evaporation 
residues of the mother liquors showed three principle singlets at 
5 2.67, 2.22 and 1.28, all of which remain unassigned, Therefore, 


the salt method was abandoned in search of a method involving completely 


covalently bonded diastereoisomers. 
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After the consideration of many possible resolving agents that 
would give covalently bonded diastereoisomers with thiols, menthyl 
chloroformate (86) was selected as resolving agent. The successful 
chromatographic resolution of diastereomeric esters from the reaction of 
alcohols and amines with 86 has been reported by Westley and Halpern 
(84), Menthyl chloroformate was prepared according to the method of 
Einhorn and Rothlauf (85) from menthol and phosgene in a pyridine- 
benzene solvent mixture, The addition of 86 to an ethereal solution 
of sodium a~(2-methyl-5-chlorophenyl)ethanethiolate, prepared from 
sodium hydride and 84, resulted in the immediate precipitation of 
sodium chloride. After filtering the reaction mixture and concentration 


of the mother liquor, O~menthyl o-(2-methyl-5-chlorophenyl )ethyl 


RT 


365 7 17° (c 1.0, benzene) was obtained 


thiolcarbonate (87), [a] 
as an oil. 

Partial resolution of the thiolcarbonate was achieved by column 
chromatography of the oil on aluminum oxide (Woelm neutral, activity 
one) using sequentially the solvents Skellysolve B, benzene, and ether 
as eluants, Skellysolve B was used to elute the faster eluting fractions 
containing thiolcarbonate of rotation greater than [al 565 ~ Tome 
Intermediate fractions with rotations between [a] 565 - 50 and = 150° 
were collected with benzene and finally the column was flushed with 
ether to remove the slower eluting fractions. The quantities of the 
faster and slower eluting fractions were increased by recycling the 
intermediate fractions. Finally the extreme fractions were recycled 


on the column so as to increase their respective diastereomeric 


purities. In this manner, sizeable quantities of the faster eluting, 


RT 


RT O 
ca. ~ 240 , and the slower eluting, [a] 365 ca. 0 , fractions 
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were obtained, 

At this stage, it was desirable to know the extent of resolution, 
The diastereomeric purity of these fractions could not be determined 
by N.M.R. spectroscopy as their spectra were identical. A method of 
estimating the extent of the resolution from the optical yields of 
consecutive crops in a fractional crystallization of a solid deriva- 
tive of the resolved thiol appeared most beneficial as the procedure 


would serve to improve the extent of the resolution as well. Therefore, 


R 
3 


methoxide catalyzed transesterification reaction of a quantity of the 


the thiol (-)-84, [a] a ize (c 0,70, cHC1,) was obtained from a 
faster eluting thiolcarbonate, [0] $66 ~ 281° (c 2.13, benzene). 
Conversion of the active thiol to either its 3,5-dinitrothiolbenzoate 
88 or p-nitrothiolbenzoate 89 gave solid esters. The fractional 
crystallization of these esters was inefficient leaving the slightly 
enriched ester in the mother liquor. From the optical yields, however, 
the thiol appeared to be 20 ~ 30% optically pure, The obtaining of 
optically pure thiol By from the combination of resolution via its 
diastereomeric thiolcarbonate and enantiomeric enrichment of its 
thiolbenzoate 88 or 89 seemed too laborious a procedure to warrant 
further work, although with suitable modifications, the procedure 
may have provided a general resolution technique worthy of consideration. 
Attention was diverted to preparing derivatives of the sulfide WL 
which might be suitable for deriving optically pure materials. As 
described in Chapter Three, oxidation of the sulfide with excess H0,, 
in acetic acid gave directly the corresponding solid sulfone 62" This 


sulfone was therefore a candidate for the fractional crystallization 
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of the racemate from the active or vice versa such that optically pure 
material might be obtained easily, Therefore, active thiol (-)-84, 

(a 545 - LA ee (cR50155 CHC1,) was converted to its sulfide (-)-41, 
(a) 36 ehzetiae [al 32 ~ 122° (c 3.07, benzene) by the alkylation of 
its thiolate with methyl iodide. The sulfide was oxidized with 


pee 
oO 
= Siege ee Seiiey. CHCl). Recrystallization of this material from 


excess H,0, in acetic acid to give the crude sulfone (-)-62, GE 


chloroform-Skellysolve B solvent mixture gave the racemic 

sulfone, mp. 143 - wy’, Concentration of the mother liquor yielded 
a crude evaporation residue, [a] 56. - ie (c 0.851, CHCL). 
Recrystallization of this evaporation residue twice from benzene- 
Skellysolve B solvent mixture gave the sulfone (-)-62, mp. 99 - 100°, 


fe) 
[a] 565 — 127 (c Os oce piohuL. cor benzene), of constant optical rotation, 


3 
In this instance, the differential in solubilities of the racemate 
and active sulfone was sufficient to make available the optically pure 
sulfone, This contrasted the attempts to enrich the thiolbenzoates 
in which a clean separation of isomers was not achieved, 

The enantiomeric purity of the latter sulfone was confirmed 
to be 100% by observing spectral shifts for only one enantiomer in 
the N.M.R. spectrum of (-~)-62 in the presence of Bu(hfbe).« Based 
on the observed absolute rotation of [Al 566 1277 (c 0.52, benzene), 
the optical purity of the crude non-crystallized sulfone, (01 545 
%, Biot (c 0,29, benzene), derived from the Sommelet rearrangement 
was 21,2%. The difference of ca. 4% between the optical purity 
estimation and that for enantiomeric purity is attributed to the 


small sample size of the crude non-crystallized sulfone and the 
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errors associated in determining its accurate weight. The absolute 
RT 
365 


a correlation of the enantiomeric purity of 25.0% for a crude non- 


fe) 
rotation of the sulfide 41 was estimated to be [A] 265 based on 


crystallized sample of sulfone obtained from oxidation of the 


sulfide (+)-1, [a] 345 +°66 22° (c 0.66, benzene). 
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Discussion 

The base-catalyzed rearrangement of sulfonium salts is representa- 
tive of a general process of bond reorganization proceeding via sulfoniun 
ylids and characterized by the conversion of 90 to 91, ‘In the case 
of the Sommelet rearrangement, the participating double bond is 
embodied within an aromatic ring. The sulfonium ylids capable of this 
general reorganization have varying structural features and are generated 


under a variety of conditions as illustrated by the following examples, 
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The rearrangement of dimethylsulfonium phenacylid (8) to a-(methyl- 
thio)methoxystyrene (92) in refluxing water was postulated by Ratts 
and Yao (86) to involve reversible ylid formation to the less stable 
methylid 93 in the protic solvent with rearrangement occuring via a 


cyclic transition state, 
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Phenols in the presence of dicyclohexyl carbodiimide and dimethyl 
sulfoxide undergo thiomethoxymethylation of the ortho position via 
the intermediacy of the ylid 94 (87), When the unsymmetrical benzyl 
methyl sulfoxide was used, ring alkylation occurred to give the more 
highly substituted product from the more stabilized benzylid 95) 


than to give product from the corresponding methylid,. 
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An analagous thiomethoxymethylation of aromatic amines has been 


reported by Glaus and Vycudilik (88) to occur via the intermediacy 
of the sulfimide 96 and sulfonium ylid 97, 
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P, Gassman and co-workers (89) and G. R. Johnson and co-workers 
(90) in communications published simultaneously reported the ortho 
alkylation rearrangement for several aminosulfonium salts (also named 


azasulfonium salts) 98 upon base treatment, 


Baldwin and co-workers in a series of communications (91) have 
described the allyl rearrangement of several allyl sulfonium salts 


upon base treatment, for example the conversion of 99 to 100. 
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Consideration of the principles of conservation of orbital symmetry 

(92) suggested this reaction to be a symmetry-allowed [2,3] sigmatropic 
rearrangement (91,93). A sigmatropic change of order [i,j] is defined 
as the migration of a o-bond, flanked by one or more 7 electron systems, 
to a new position whose termini are i - 1 and j - 1 atoms removed 

from the original bonded loci, in an uncatalyzed intramolecular 
process, It was implied that the generalized process 90->91 for all 


sulfonium ylids could be considered as concerted [2,3] sigmatropic 
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rearrangements, including the Sommelet rearrangement. 

On the basis of the relative acidities (94) of a-protons of ethyl 
and methyl substituents in sulfonium salts, it is expected that the 
methylid 101 would be formed in a greater concentration than the 
corresponding ethylid 102 in the equilibrium solution. That proton 
abstraction was not product determining was evidenced by the product 


balance favouring rearrangement from the more highly substituted ylid 102, 
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Ollis, et al suggested there was a diastereotopic selectivity 
of proton abstraction upon ylid formation during the allyl rearrangement 
103—~» 104 on the basis of the 40/60 mixture of two diastereomeric 
racemates isolated (93), However, this non-equal mixture of diastereo- 
isomers could have arisen from a selective reactivity of one of the 
stereoheterotopic faces of the terminal carbon of the allylic group 
with the benzylid, That there may have been little diastereotopic 
selectivity upon ylid formation to provide a pyramidally stable 
carbanion is implied by the observation of low optical yields 
in the oxirane 28 from the reaction of the benzylid 22 with 
benzaldehyde and in the oxirane synthesis from the ylid from the 
chiral sulfonium salt 67c as described by Darwish and Nakamura (64), 
The similarity between the oxirane synthesis and the allyl rearrange- 
ment is seen in that both involve potential induction of asymmetry 
upon benzylid formation and reaction of the benzylid with an 


electrophilic double bond, see 105. 
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The efficient transfer of asymmetry (<94%) from sulfur to carbon 
in the allyl rearrangement of (+)~adamantylallylethylsulfoniun 
tetrafluoroborate ((+)-63), taken as further evidence of the concerted- 
ness of the allyl rearrangement, was depicted by Trost and Hammen to 
proceed from the ylid 106 as the non-bonded interactions of this 
conformer would be minimized compared with those of 107 (62). 
This representation of the ylid 106, which fails to adequately 
describe the geometry of the carbanion, suggests that the asymmetric 
transfer is due to stereochemical control in the cyclic transition 


state, Unfortunately, it was not stated whether the possibility 
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that the transfer resulted from a diastereotopic selectivity of 
proton abstraction giving the pyramidal carbanion depicted as 108 
was considered, If, however, pyramidal inversion of this a-carbanion 
is much more rapid than rearrangement, clearly, the kinetic average 
of the invertomers of the carbanion, depicted as 109, will 
experience fewer non-bonded interactions than the conformations 


ro) 
resulting from a 180 rotation of the C—S bond, 


Fava, et al have observed a case of diastereotopic selectivity 
of proton abstraction in the deuterium - hydrogen exchange reaction 
on 110 in basic D0, for which the protons cis to the S-methyl group 
exchanged considerably faster than the protons trans (94,95). Although 
this result agrees with that predicted by the Gauche Effect, it should 


not now be considered substantiating evidence of the theory in the 
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light of the discrepencies in the predictability of the theory with 
several observations as outlined previously in Chapter Three. In any 
event, this demonstration of diastereotopic selectivity of proton 
abstraction adjacent to a pyramidal sulfonium atom to produce a 
pyramidally stable carbanion cannot be considered a general case 

until the conformational effect of the ring system have been removed 
from the reaction, The oxirane synthesis with the ylids of the 
optically active salts 21 and 67c tested the possibility of an 
induction of asymmetry at the a-carbon in a system free of the 
conformational constraints of a ring system, The negligible optical 
yields of the oxiranes suggest that either a diastereotopic selectivity 
of proton removal is unimportant or that the carbanion cannot maintain 
its stereochemistry prior to acting as a nucleophile, However, in 
terms of the allyl and Sommelet rearrangements, stereochemical control 
in the transition state appears more important, 

The allyl and Sommelet rearrangements are examples of self- 
immolative transformations in which the inducing chiral center is 
destroyed at the same time that a new chiral center is created. The 
lower efficiency of asymmetric transfer in the Sommelet rearrangements, 
20 - 25% compared with <94% for the allyl rearrangement, was 
anticipated because of the greater opportunity for the racemization 
of the inducing sulfonium center under the reaction conditions. The 
temperatures of the Sommelet rearrangements , eon and 70°, were 
significantly higher than that necessary for the allyl rearrangement, 
- 83%. The much higher temperatures of the Sommelet rearrangements 


were of course necessary to compensate for the loss of resonance 


stabilization in the aromatic ring in proceeding from the ylid. 
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At these higher temperatures, the stereochemical integrity of the 
asymmetric sulfur will have been reduced due to pyramidal inversion. 
The rate constants for the loss of optical activity for (+)-21 in 
methanol at 70° was found to be (9715 £10113) = 107° seconds > (36) 
and for (+)-35 in methanol at 50 and 70° were (6.60 £0.09) x 107° 
saute and (9.66 + 0.06) x ere Ace respectively (44), 
At 70°, in the time necessary to accomplish the Sommelet rearrangement 
of 35, the salt would have undergone one half-life of racemization 
(ts Cae 2 hours) in the absence of methoxide ion, If the ylids 
derived from this salt recemized at even faster rates than the salt, 
as was found for ethylmethylsulfonium phenacylid ((-)-5) which racemized 
200 times faster than its salt (9), then a further loss of the 
stereochemical integrity of the sulfonium center would have resulted, 
The pyramidal sulfur of (+)-63 would not be expected to racemize to 
any significant extent during the one hour reaction at - Baus A 
considerable portion of the loss of stereospecificity in the asymmetric 
synthesis of the Sommelet sulfides was therefore due to racemization 
via pyramidal inversion of the chiral sulfonium center, 

A detailed examination of the intermediate stages of the 
Sommelet rearrangement of (R)-(+)-35 has permitted an assignment of 
absolute configuration to the sulfide (+)-41 obtained. iq. [12] outlines 
the proposed mechanism for the rearrangement from the 5-ethyl substi- 
tuent proceeding via the cyclic transition state lll. This 
rearrangement differs from the allyl rearrangement of (+)-63 in that 
the initial product consists of a set of diastereomeric sulfides 112 


rather than a set of enantiomers. However, under the reaction conditions 
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the set of diastereomeric sulfides was reduced to a set of enantiomers 
upon re-aromatization, 

Projections of the four reactive conformations of the ylid from 
(R)-(+)-35 expected to lead to the set of diastereoisomeric sulfides 
112 are illustrated in Figure XVI. Conformations 113 and 114 involve 
the attack of the re face of the kinetic average of a planar carbanion 
upon the re face and si face of an ortho carbon of the aryl moiety 
respectively, Conformations 115 and 116 involve the attack of the 
si face of the carbanion upon the si and re face of an ortho carbon 
respectively. It should be noted that the viewing from one side of 
a substituted ring can provide two ortho carbons with different stereo- 
hetereotopic faces. The conformations 113 and 114 are obtained simply 
by rotation of the sulfur-benzylic carbon bond and not by a 180° 
rotation of the aryl-benzylic carbon bond. The latter rotation would 
interchange the carbons to be viewed but would not change the designa- 
tion of the face of the ortho carbon viewed or the configuration 


of a product from attack at that face. More severe non-bonded 
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Figure XVI, Projections of the four reactive conformations of the 
ylid from (R)-(+)-35. 


interactions between the aromatic ring and the methyl substituent of 
the carbanion would tend to disfavour the conformations 114 and 116 
over 113 and 115. In the 5-membered cyclic transition states leading 
from 113 ~ 116, extensive eclipsing of substituents occurs as 
illustrated by the Newman projections of the developing C—C 

bond and of the ylid bond, Figure XVII. It is seen that the more 
favourable conformations 113 and 115 lead to transition states in 
which the substituents about the developing C—C are partially 
eclipsed whereas the less favourable conformations 114 and L1G, give 
transition states where the substituents are fully eclipsed. 


Consideration of the eclipsing about the ylid bond provides the key 
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Figure XVII. Newman projections of the developing C—O bond and the 
ylid bond in the cyclic transition states from 113 - 116. 


determinant for the assignment of configuration to the sulfide even- 
113, the substituents about the ylid bond are partially eclipsed whereas 


those from the cyclic transition state from 115 are fully eclipsed. 


Therefore rearrangement is expected to proceed preferentially from 113. 


For the cyclic transition state from the conformation 
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Prefered rearrangement from the reactive conformation Jd6 
would provide the (S,R)-diastereoisomer of 112 whereas rearrangement 
from 115 would provide the (R,S)-diastereoisomer of 112, These latter 
two isomers of 112 are enantiomers which are clearly derived from 
diastereomeric transition states, Re-aromatization of (S,R)-112 
destroys the R center and provides sulfide of the S configuration. 


Therefore, (+)-41 is assigned the S configuration, 
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This assignment of S configuration to (+)-41 permits similar 
assignments to be made for the corresponding thiol (+)-84 and the 
sulfone (+)-62, as these compounds were interrelated in reactions 
not affecting the chiral center, It can also be concluded that the 
R enantiomer of the sulfone 62 is shifted further downfield in the 
N.M.R, spectra of the sulfone in the presence of Bu(hfbe).,. The 
similarity of the lanthanide induced shifts for (+)-54 and (+)-62 


suggests that a similar assignment of configuration may be extended 
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to the entire nitro~series of compounds prepared with a (+) sign 
of rotation excepting the salt (+)-21 which would have R configuration 
in accord with the mechanism proposed for the Sommelet rearrangement 
of (R)-(+)-35. 

The observation of asymmetric synthesis in the allyl and Sommelet 
rearrangements suggests that similar observations might be observed 
in other systems of the generalized process 90—»91. For example, 
a more efficient transfer of asymmetry in an ortho alkylation reaction 
than that for the Sommelet rearrangement is predicted on the basis 
of the following recent reports in the literature, Menon and Darwish 
(96) have found the chiral sulfonium ylid, N-acetylethylmethylsulfimide 
117 to racemize 1/46 as fast as its corresponding aminosulfonium 


e 2 fo) 
salt 118 which racemizes with kena 1 OSes 00 6 anecaile rahe de ake 


c 
acetonitrile, Claus and ca-workers have recently found the achiral 
N-p-chlorophenyldiethylsulfimide (119) to undergo the ortho alkylation 
rearrangement depicted in eq. [13] (97). Therefore, the unknown ylid, 
N-p-chlorophenylethylmethylsulfimide should serve as a suitable sub- 
strate for an asymmetric systhesis of an aromatic amine, The 

extent of asymmetric transfer is expected to be higher than those 
observed for the Sommelet rearrangements because the sulfimide 


is expected to maintain its stereochemical integrity better than 


the ylids derived from the benzylsulfonium salts, 
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Experimental 
Anhydrous Pyridine 


Anhydrous pyridine was prepared by distillation from barium 
oxide with the careful exclusion of moisture and storage of the 


center-cut of the distillate over KOH pellets (26). 


Tris[3-(heptaf luorobutyry1)-d~camphorato J-europium(III) (Zu(hfbe).) 
Eu(hfbe)., was obtained from Willow Brook Laboratories, Inc, 
under the trade name Hu Optishift II, It was stored in a desicator 


and used without purification, 
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Effect of iu(hfbe). on the N,M.R. Spectra of Sulfones 


A Varian HA 100 Analytical Spectrometer was used for the 
enantiomeric purity analyses of the sulfones. Typically a stock 
solution of the shift reagent was prepared by dissolving ca. 60 ng 


Bu(hfbe). an 0,5 ml.) CDG1 Using a fine-tipped disposable pipette, 


3° 
the stock solution was added dropwise to a solution of the sulfone 
in aN,M.R, tube, The tube was capped and shaken to ensure adequate 
mixing of the solution, After recording the spectrum and having obtained 
the desired spectral shifts, the total drop count (ca. 50) of the 
stock solution was obtained and the final concentrations of the 
shift reagent and sulfone in the N.M.R, solution calculated, The 
full spectra were recorded first at a 1000 Hz, sweep width. The 
relative areas of the resonances being studied were determined from a 
series of six integrations at expanded sweep widths of 50 or 100 Hz, 
Per cent enantiomeric purity was calculated from the ratio of the 
difference of the integrations of enantiotopic protons to the sum of 
their integrations, The error was calculated as the average deviation 
from the mean of the six determinations, 

Tables XIV and XV summarize the Lanthanide Induced Shifts (LIS) 
in the Nui, spectra of racemic samples of the sulfones 54 and 62 
in the presence of added Bu(hf be)... The differential shifts (Ad) 
between resonances of enantiotopic protons and the relative abundance 
of the enantiomer shifted further downfield to the whole enantiomeric 
mixture are also shown, The effect of added su(hf be), on the spectral 


shifts of the sulfones 45 and 58 are summarized in Table XVI and 


Table XVII respectively. 
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TABLE XIV 


EFFECT OF ADDED Bu(hfbe )., ON THE N.M.R. SPECTRUM OF (+)-METHYL 


a 


a-(2-MiTHYL-5-NITROPHENYL)ETHYL SULFONE (54) IN cDC1, 


b c¢ Proton oe Ad, ppm 
RACH b 0.12 0.02 
a d e Cc Osi 0,00 
CH= S05 CH, a 1,01 0.12 
) f OF17 pie 
R = NO, g 0,60 0.13 


CALIBRATION OF ENANTIOMERIC PURITY ESTIMATION OF (heen? USING THE 


PEAK AREAS OF THE S-MBTHYL RESONANCES (e and e')° 


Integration Proton e Proton e' Total Integ, % Ratio e/ete! 


Z 11-429 11.45 22.74 49.6 
Z 10/72 1k P13 21.84 4O,1 
3 10.48 11.30 21.78 48,1 
\ 10.56 11.08 21.64 48,8 
5 10.60 1432 Arvige 48.4 
6 10.58 LiaLo 21.68 48.8 


Average + average deviation = 48,8 = 0.4% 


at 0.034 M Eu(hfbc)3; 0.25 M sulfone 54; molar ratio 0,14. 
b: Sweep offset 330 Hz.; sweep time 100 sec.; sweep width 50 Hz. 
c: Singlets at § 3.62 and 3.51; band widths of 10 Hz. 
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TABLE XV 
EFFECT OF ADDED Bu(hfbe)., ON THE N.M.R, SPECTRUM OF (+ )-MSTHYL 


a~-(2-METHYL-5-CHLOROPHENYL)ETHYL SULFONE (62) IN epé1,* 


.b 
R ape? proton LIS, ppm Aé, ppm 

3 a. O, Al: 0.14 
a c d b 0,09 0.00 
7c SO,CH, C nba} 0.12 
CH, d 0.76 0,09 
: e 0,20 0.02 
R=c] a Oe A Oe Ls 


CALIBRATION OF ENANTIOMERIC PURITY ESTIMATION OF eae: USING THE 


PEAK AREAS OF THE S-METHYL RESONANCES (a and a’)° 


Integration Proton d Proton d' Total Integ,. % Ratio d/d+a' 


as teeo Tae Tie) Zee09 50.2 
fe 11,04 a) 22.34 494 
3 10.55 10.90 21.45 49.2 
4 10.90 Heh gail Fay yi N93 
7 O15 36 11,14 22450 50.5 
6 10.95 11,07 22,02 49.7 


Average + average deviation = 49.7 + 0.4% 


ar 0,057 M Bu(hfbe)..5 0.17 M sulfone 62; molar ratio 0.34, 
b: Sweep offset 325 Hz.; sweep time 100 sec.} sweep width 50 Hz. 
c: Singlets at § 3.64 and 3.56; band widths of 8 Hz. 
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TABLE XVI 


EFFECT OF ADDED Bu(hfbe ) , ON THE N.M.R. SPECTRUM OF BTHYL 


a 


2-METHYL~5-NITROBENZYL SULFONE (45) IN cbcl, 


b c Proton LIS, ppm Ad, ppm 
nt f 
NOS / CH, | 
a g 
CH,SO0, CHACH, 
d e 


MrHOoROOD 
2S 
Ww 
~~) 
ys) 


ar 0.039 M Bu(hfbe).,5 0.11 M sulfone 54; molar ratio 0.35, 


TABIE XVII 
EFFECT OF ADDED Eu(hfbc) 3 ON THE N.M.R. SPECTRUM OF ETHYL 


2-METHYL~5-CHLOROBENZYL SULFONE (58) IN cpl," 


b e Proton LIS, ppm Ad ppm 
Cl CH a 1.09 0 
a 'CH,S0,CH,CH f Se 0 - 
(e e « 
c 2a & ni : d 2.41 0.05 
e Opera 0 
6 1.42 0 


at 0.039 M Bu(hfbe) 3 0,11 M sulfone 58; molar ratio 0.35, 
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Enantiomeric Purity Measurements 

The enantiomeric purity of the optically active sulfone 54, 
[2] ip36 + 31.6° (c 0.567, CHCL,), derived from the sulfide (+)-34 
isolated from the products of the nitro-Sommelet rearrangement as 
described in Chapter Three, was determined as summarized in Table XVIII, 
In addition, a 50 ml. aliquot of the decomposition solution from the 
rearrangement was concentrated and the evaporation residue oxidized 
with 0,171 g (1.50 mmole) 30% H,0, in 3 ml, acetic acid at 100° for 
three hours, The crude oxidized product isolated in a manner similar 
to that described for the isolation of the pure racemic sulfone was 
titurated in 0,4 ml, OMe and filtered into an N.M.R. tube. The 
solution was titrated with a stock solution of su(hfbe)., until the 
desired N,M.R. spectral shifts for the active sulfone were observed, 
The enantiomeric purity of the sulfone in the crude product was 
determined as summarized in Table XVIII. The resonances due to 
the other compounds did not interfer with the analysis as the region 
studied was free of extraneous signals, 

The enantiomeric purity of the optically active sulfone 62, 
[a] 5e. + 269° (c 0.29, benzene), derived from the sulfide 41 isolated 
from the products of the chloro-Sommelet rearrangement as described in 
Chapter Three, was determined as summarized in Table XIX, In this 
experiment involving the sulfone 625 too much stock solution of the 
shift reagent was added such that the downfield 5-methyl resonances 
were overlapping with the resonance at 5 4.88 due to the shift reagent. 
Therefore, the a-methyl doublet resonances were used, only in this 


instance, to determine the enantiomeric purity of the sulfone. 
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TABLE XVIII 


ESTIMATION OF ENANTIOMERIC PURITY USING THE N.M.R. PEAK AREAS OF THE 


SULFONE (+)-54 DERIVED FROM THE NITRO-SOMMELET REARRANGEMENT 


A =- for the isolated sulfone® 


Integration? Proton e° Proton e' Total Integ, Difference % K.P, 


AWN FWD 


B ~ for the crude oxidized product 


9.23 
9.56 


8.92 


9.23 
9.28 
9.25 


Lisp Ps 
13.80 
ES P56 
13.60 
13.50 
14,05 


22.95 
23.36 
22.50 
22,83 
22.78 
25550 


4.49 
b, 2iy 
4,66 
4,37 
4,22 
4.80 


19.6 
ee 
0rd, 
Ning 
18.5 
20.6 


Average + average deviation = 19.5 £0.7% 


d 


Integration” Proton ye Proton e' Total Integ, Difference % EP, 


a; 9,04 oe Ve 22,70 4,68 20.6 
2. 9.10 Ves ey Leet, 4,37 19.4 
3 9.10 1s 22,68 4,48 19.8 
4 9.00 13.75 pee hs 4.75 20.9 
5) 9.07 1Be59 22.66 4y52 19.9 
6 8.95 aside: Leaf 4,83 Alw3 
Average + average deviation = 20.3 £0.7% 
at In CDG1,5 0,034 M_Bu(hfbe).,5 0.25 M sulfone 54; ratio 0.14, 
b: Sweep offset 330 Hz.3 sweep time 100 sec.3 sweep width 50 Hz. 
c: S-methyl singlets at § 3.64 and 3.52; band widths of 8 
and 9 Hz, respectively. 
d: In CDC1,; 0,07 it Bu(hfbe)..3 ca. 0.23 M sulfone 54; ca. 
0,08 M sulfone 45. 
e: Sweep offset 330 Hz.3 sweep time 100 sec.3 sweep width 50 Hz. 
f:; S-methyl singlets at 6 3.65 and 3.56; band widths of 8 and 


9 Hz. respectively, 
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TABLE XIX 


ESTIMATION OF ENANTIOMERIC PURITY USING THE N.M.R. PEAK AREAS OF THE 


SULF ONE (+)-62 DERIVED FROM THE CHLORO=SOMMELET REARRANGEMENT 


A - for the isolated sulfone® 


Integration” Proton f° Proton f’ Total Integ, Difference % E.P. 


AW FWD +b 


eels) 14,29 22 42 6.16 27.5 
8.52 14.23 ara AS ye 258 
8.06 14,13 2eeA9 6.07 27 4 
Cee 14,26 22378 6.74 25a2 
7,80 14,13 21.93 6553 28.9 
7604 13.90 21.74 6.06 2729 


Average + average deviation = 27,0 1.2% 


d 


B - for the crude oxidized product 


Integration® Proton @ Proton d’ Total Integ, Difference % E.P, 


OW FW Ph # 


as 


et 


tat 


8, 34 14,12 22.46 5.78 Our 
8.29 14,00 22429 5.71 25.0 
Oe. 50 14,35 22205 5,85 Bio) 
8,40 14,00 22.440 5,60 25.0 
8.30 14,20 Lhe 0 5.70 26.2 
8,44 14,00 22.44 5.56 24.8 


Average + average deviation = 25,5 + 0.4% 


In CDC1,5 0,064 M Bu(hfbe)..5 ca. 0,15 M sulfone 62; ratio 0,43, 
Sweep offset 310 Hz.3; sweep time 250 sec.; sweep width 50 Hz, 
a-Methyl doublets at 6 3.58 and 3.25; band widths of 15 Hz, 


In CDC1,; 0,065 M Bu(hfbe)..3 ca. 0.17 M sulfone 623 ca, 


3 
0,05 M sulfone 58. 

Sweep offset 390 Hz.3 sweep time 250 sec.3 sweep width 50 Hz, 
S= methyl singlets at 64.34 and 4.18; band widths of 9 and 


11 Hz. respectively, 
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The corresponding crude oxidized product was obtained by the oxidation 
of the evaporation residue obtained from a 5 ml. aliquot of the solu- 
tion of products from the chloro-Sommelet rearrangement as described in 
Chapter Three with 0,115 g (1.0 mmole) 30% H,0, in 3 ml. acetic acid 
at 100° for three hours. The enantiomeric purity of the sulfone 62 

in the crude oxidized product was determined as summarized in Table 


XIX, 


3B-Acetoxy-/-etienic Acid (72) 

38-Acetoxy-A~etienic acid was prepared following a procedure 
similar to that reported by Staunton and Eisenbraun (78), Toa 
solution of 21 g (0.525 mole) sodium hydroxide in 180 ml. water at 
- 5°, was slowly added 21.5 ¢ (0,134 mole) bromine. After the addition 
was complete, the solution was diluted with 120 ml. dioxane and 
maintained at oa The cold hypobromite solution was added to a 
solution of 14,8 g (0.04 mole) pregnenolone acetate (73) in 550 ml. 
dioxane and 160 ml, water while maintaining the temperature below 
10% After addition was complete, the mixture was stirred for two 
hours then quenched with a solution of 5 g anhydrous sodium sulfite 
in 50 ml, water, The reaction mixture was refluxed for 15 minutes 
and the clear solution, while still hot, acidified by the cautious 
addition of 25 ml, concentrated HCl, This mixture was cooled at 
g? overnight, The precipitated 3p-hydroxy-W’ -etienic acid was filtered, 
dried, then titurated in 100 ml. dry pyridine at 90°. The hot solu- 
tion was filtered and the mother liquor cooled and treated with 10 


ml, acetic anhydride, After 18 hours, the excess of acetic anhydride 
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and the mixed anhydride in the reaction solution were hydrolyzed by 
the addition of 20 ml. water and the boiling of the resulting mixture 
until the precipitate had just dissolved. The clear solution was then 
diluted with 70 ml, water and cooled to precipitate the crude 
3p-acetoxy-A’-etienic acid, m.p. 225°, Crystallization of this 
material at room temperature from warm acetic acid yielded 4.13 g 


(0,0115 mole, 28,8%) 72: mep. 238 - 240°; [a] 589 131 B°Me, aH 
RT 
589 
(s, 1H), 5.40 (m, 1H), 4.60 (broad, 1H), 2.04 (s, 3H), 1.04 (s, 3H), 


CHCL,) (reported [a] Zgq - 320 (CHL) (98))s N.WR. (GDCL,), 8 10,04 
0.76 (s, 3H); Infrared (CHCl), 3500 (w), 3000 (broad), 1700 (s), 
1370 (m), 1360 (m), 1120 (w) em. Crystallization of the crude 
from chloroform-Skellysolve B or benzene~Skellysolve B solvent 
mixtures failed to give pure materials of constant specific rotation, 


Anal, Caled. for C C, 73.30; H, 8.95. Found: C, 


22ttgo%! 
Poth 739.173 H, 8178529223: 


a-(2-methyl-5-nitrophenyl)ethyl 3B-atetoxy—\’-etienate (76) 

Following the procedure of Steiger and Reichstein (79), a 
0.500 g (1.39 mmole) quantity of 72 was treated with 1.75 ml, thionyl 
chloride for 4+ hours at room temperature, Excess solvent was removed 
under reduced pressure to give the crude 3p-acetoxy-A’-etienyl chloride 
(74). The alcohol 51 (0,258 g, 1.47 mmole) in 10 ml. pyridine was 
added to the crude chloride and the solution stirred for two days. 
The reaction mixture was poured into dilute HCl to precipitate the 
crude ester. The dried crude was titurated in 5 ml. benzene and the 


mixture filtered to yield 0,0631 g (0.09 mmole) 3p-acetoxy-A’-etienic 
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anhydride (75) (79). The evaporation residue from the mother liquor 
was crystallized from benzene~Skellysolve B solvent mixture to yield 
0.540 g (1,03 mmole, 70.2%) 76: mp. 117 - 118°; [a] ag ~ 20.3° 
(c 0.997, CHC1,) 5 NMR, (CDC1,), 6 8.30 (d, J = 2.4 cps, 0.5H) 


Qneba( din J 


Cre CDaeaDe Di), GeOlel Cyadivicn Jastsl fiat eubstects, ods 


6.09 (a, J 
SHOR 12s 0294S eG yel, Sada 6, 5ecps 20H) 214051 (5,015 5H), 0.99 


(Sy oP) es Dike (aay neem), 0.53 (s, 15H) Infrared (CD13), gl: (s), 


6,5 cpsy JH), 5.40 (s, 1H), .4.58 (broad, 1H), 2.50 (s, 


1605 (w), L4+5 (m), 1345 (s), 1075 (m), 1060 (s) ony Mass Spectra, 
m/e 463 (base), 448, 299, 285, 253, 191, 179, 164, 523 (parent, absent), 
Recrystallization of ds from benzene-Skellysolve B solvent mixture 


failed to change its specific rotation or its N.M.R. spectrun, 


Resolution of (+)-q—Phenylethyl amine ((+)-78) 

a-Phenylethyl amine was resolved according to the procedure of 
Theilacker and Winkler (80). To 31.3 g d-tartaric acid dissolved in 
450 ml, hot methanol was added 25 g (+)-78. The reaction mixture 
was cooled at on overnight to precipitate material with m.p. eee 
This precipitate was twice recrystallized from minimum amounts of 
hot methanol cooled to room temperature to give the less soluble 
diastereoisomer, m.p. 197 - Oe ae oi TAG Pao ee (c 0,4, methanol). 
This salt was decomposed in 50 ml, 10% sodium hydroxide to liberate 
the amine which was extracted with ether, The extracts were washed 
with water, dried and concentrated, The residue was distilled under 
reduced pressure to yield (~)-a-phenylethyl amine ((-)-78): b.p. 
76° (12 mn), aise Bi eee on a] es ~ 40,58° (neat) (reported [a] G9 
- 40,3° (neat), oe = 0.95 (80)). 
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The original mother liquor of this resolution was concentrated 
and the optically impure amine isolated from the salt. Crude (+)-78, 
[a] a9 PELE Oma eecity CHCL,) (14.5 g, 0.120 mole), was dissolved in 
100 ml, 95% ethanol and the solution heated to reflux. Sufficient 
sulfuric acid in ethanol to neutralize the excess of the active over 
the racemic amine, 5.2 g concentrated sulfuric acid (0.0506 mole) in 
150 ml. 95% ethanol, was added to the amine solution and the mixture 


cooled to room temperature, The precipitated hydrogen sulfate, mp. 


RT 
365 


decomposed in dilute sodium hydroxide liberating the amine which 


265 ~ 268°, [ala7, + 18.5. (c 1.10, methanol) was isolated and 


was recovered as described above for the (-)-isomer to give (+)-78, 


2 


ae + 38.41 (neat), ieee + 4o.43 (neat). 


a~(2-Methyl-5-nitrophenyl)ethyl Hydrogen Phthalate ((£)-77) 

A 0.535 g quantity (2.96 mmole) of 51 and 0.437 g (2.96 mmole) 
phthalic anhydride were dissolved in 5 ml. dry pyridine and the 
solution heated on a steam bath for one hour, The reaction solution 
was cooled, diluted with 5 ml. acetone and neutralized with cold 
concentrated HCl. Addition of water precipitated the crude hydrogen 
phthalate. The precipitate was isolated and recrystallized from 
chloroform-Skellysolve B to yield 0.777 g (2.36 mmole, 79.7%) (+)-77: 


meDe 145 3; N.M.R. (CDC1 DL Cye Spelhyy nonce (Uynd ='r.0 °CpSy 1H), 


)s 
3 
8.15 - 7.50 (m, FAO 730 (d, J = 8.4 cps, 1H), 6,36 (qs J = 6.5 cps, 
TH) e255) (S79 3H), 2.00'(d, J = 6.5¢cps, 3H);, Intrared. (cDcl,), 3000 


(broad), 1718 (s), 1695 (s), 1520 (s), 1345 (s), 1055 (m), 905 (w) cm”. 
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Anal. Caled. for © NOgs C, 62.01; H, 4.59; N, 4.25. 


1715 
Found: C, 62,06, 61.74; N, 4.75, 4.473 N, 4.40, 4.47 


In a typical resolution, 0.543 g (1.65 mmole) (+)-77 and 0.200 g 
(1,65 mmole) (-)-78 were dissolved in 5 ml. methanol. Sther, 75 ml., 
was added and the resulting solution cooled at - ster overnight to 
precipitate 0,356 g of the less soluble diastereoisomer 79: msPp. 166 - 
167°; (a 136 5 Waa (c 1.52, methanol). Two recrystallizations gave 
the salt mp. 167°, [a] 1136 ~ 15,0° (c 1,0, methanol), Further 
recrystallizations resulted in slightly decreased specific rotations, 
This less soluble diastereoisomer was dissolved in a small amount of 
methanol and the solution acidified with dilute HCl. The liberated 
hydrogen phthalate was extracted with ether. The extracts were washed, 
with ether, dried and concentrated, The residue was crystallized from 
benzene-Skellysolve B to yield 0.0932 g (-)-77: mu.De 75°} [a] 36 
= Waa” (c 0,932, cHC1,). In similar resolutions, maximizations of 
the specific rotations also occurred. The (-)-77 isolated from the 
less soluble diastereomers after the rotations had maximized, all had 
rotations hey ca. - 160 to - 165°, even though the salts had 
rotations [a] 1136 ~ 15 to ~ nom 

From several mother liquors of the crystallizations of the less 
soluble diastereoisomer was obtained the more soluble diastereoisomer 
80: mp. 150°; [a] 1:36 Ca. Om (c 1,86, methanol), The optically impure 
(+)-22, [a] 36 + 132° (c 443, CHCL,), was isolated after acidification 
of a solution of 80 and subsequent workup. The optically pure (+)-77 
was obtained by resolution of 0.529 g (1.56 mmole) of the impure with 


0.197 g (1.63 mmole) (+)-78 in a manner similar to that for the 
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racemic material. The less soluble diastereoisomer, m.D. 167°, 
[a] 1336 ean (c 1,03, methanol), obtained was converted back to 
its hydrogen phthalate to yield 0.252 g (+)-77: mDs 7°; 
[21,36 + 164° (c 0.956, cHC1,), 

The N,M.R, and Infrared spectra of these resolved hydrogen 
phthalates were superimposible with those for the racemic compound, 


Neither isomer gave, however, proper microanalysis, 


(-)-a-(2-Methyl-5-nitrophenyl)ethyl Alcohol ((-)-51) 

A 0.125 g (0.381 mmole) quantity of (-)-277, [a] 56 - 160° 
(Cmiee5; cHC1,), was dissolved in 9,1 ml, 1.25 N sodium hydroxide 
(11,4 mmole) and the solution heated on a steam bath for 5 minutes, 
The mixture was cooled and extracted with ether several times. The 
ether extracts were washed with water, dried over magnesium sulfate 
and concentrated, The residue was chromatographed on a short alumina 
column with 50:50 benzene-ether solvent mixture to remove some red 
impurities, The eluate was concentrated and the residue crystallized 
from benzene~Skellysolve B solvent mixture to yield 0.047 g (0.26 mmole, 
68.3%) (-)-5l: maps 67° [0] 436 2150 “(0,479 CHCL,), Further 
crystallization failed to change the specific rotation. Extending 
the hydrolysis time to 20 minutes did not change the yield or specific 
rotation of the recovered alcohol. The N.M.R. and Infrared spectra 
of this alcohol were superimposible upon those for its isomers. 

Anal, Caled, for G Hy NO, Ge, SOV Ot Hy Orley 77 On 


9 
Found: C, 59.62, 60.06; Hy 5.78, 6.343 Ny 7.76; 7.36. 
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(+)-a-(2-Methyl1-5-nitrophenyl)ethyl Alcohol ((+)-51) 

Treatment of 0.243 g (0.735 mmole) (+)-77, [a] 136 + 164° ie 
0.956, CHC1,) in a manner similar to that described for its enantiomer 
gave after workup 0,0901 g (0.498 mmole, 67.8%) (+)-51: m.p. 66 - 67°; 
[a] 36 + 150° (¢ 0.858, CHCL,). 

Table XX summarizes the data for the N.M.R, spectrum of (4)-51 
in the presence of added Bu(hfbe)... The shift analysis for each of 


(+) and (-)-51 resulted in a spectrum showing the presence of one 


enantiomer, 1. e, only one a-methyl doublet. 


TABLE XX 


EFFECT OF ADDED su(hfbe ). ON THE N.M.R, SPECTRUM OF (+)-o-(2-METHYL- 


5-NITROPHENYL)ETHYL ALCOHOL (51) IN opel.” 


b M7 Proton Lis; ppm” Av, ppm 
e 2 
H a ee 29 6) 
Non )-¢ 3 b 0.46 0 
a f c O45 0 
fordehe rl 2,54 0.06 
CH, e 0.74 0,02 
g 18 not observed 
g 2697 OWIZ 


a: 0,04 M Eu(hf be) 4 0.25 M 513; molar ratio 0,167, 
b: Spectrum recorded on a Varian A-60 Spectrometer, 
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(+)-a-(2-Methy1-5-nitrophenyl)ethyl Tosylate ((+)-81) 

The alcohol (+)-51 (0.0485 g, 0,268 mmole) and 0.513 g (0.270 
mmole) tosyl chloride were dissolved in 0,26 ml, dry pyridine and the 
solution cooled at - 108 for 40 hours, The reaction mixture was poured 
into cold dilute HCl and the resulting mixture extracted with ether, 
The ether extracts were washed with 5% sodium bicarbonate, water, 
dried over magnesium sulfate and concentrated, The N.M R. spectrum 
of the residue indicated the presence of 63% tosylate 81, 23% alcohol 
51 and 14% chloride 82 as gauged by the integrations of their 
respective a-methyl doublets at 6 1.63, 1.46 and 1.90. Two 
crystallizations of the evaporation residue from benzene-Skellysolve B 
solvent mixture gave the pure tosylate (+)-81: m.p. 92 - gh? 

N.M.R, (cDc1,), ORGec tan 7s05 0 mye 71) eo oea dyes = 7.0 cpsyn iy 


Astkea Syn), 92690 (8, SH)’, LGN \(d; J)= 7. 01apsye5H). 


(-)-o-(2-Methyl-5-nitrophenyl)ethyl Tosylate ((-)-81) 

The alcohol (-)-51 (0.167 g, 0.92 mmole) and 0.184 g (0.966 
mmole ) tosyl chloride were dissolved in 0.85 ml, dry pyridine, 
The solution was seeded with a crystal of pyridinium hydrochloride 
and cooled at - ey for three days, Following a workup procedure 
as described for the preparation of the racemic compound, the crude 
was crystallized twice from benzene-Skellysolve B solvent mixture to 
yield 0,124 ¢ (0,369 mmole, 40%) (-)-81: m.p. 103 = 104°; [0] 1136 
8350+ (c 1.24, benzene), Its N.M.R, spectrum was superimposible with 
that of its racemate, 

Anal, Calcd, for Cy Hy oNO Sta Gy 578 303) dy Oe tly NY Dele yes, 9150. 
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(+)-a-(2-Methy1-5-nitrophenyl)ethyl Tosylate ((+)-81) 

A 0,078 g (0.435 mmole) quantity of (+)-51 was treated with 
0.0844 g (0,443 mmole) tosyl chloride in 0,42 ml, dry pyridine at 
= nal for 57 hours, The crude was isolated as described for the 
racemate and crystallized three times from benzene~Skellysolve B 
solvent mixture to yield 0.0536 g (0.16 mmole, 36.8%) (+)-81: 
meps 103 - 104°; [a] 36 + 352° (c 0.533, benzene). The N.M.R, 


spectrum of this material was superimposible with that of its racemate,. 


(+) and (-)-Methyl a-(2-Methyl-5-nitrophenyl ethyl Sulfide ((+) and 
a) 334) 

To a flask fitted with a dry-ice cold-finger condenser was added 
successively a sodium ethoxide solution at 0° (from 0.0706 g sodium 
(3.07 mmole) in 10 ml. 95% ethanol), 2 ml. methanethiol and finally 
0,164 g (0.49 mmole) (-)-81 dissolved in 2 ml, methylene chloride. 
After four hours stirring, the reaction mixture was diluted with water 
and extracted with methylene chloride, The extracts were dried over 
magnesium sulfate and concentrated to yield 0.0963 ¢ (0.46 mmole, 

93%) crude sulfide 34, The crude, [a] 36 ra) (c 0.96, CHCl,), 

was crystallized from Skellysolve B to yield 0.0656 g (+)-34: 

MeD. 29 - 30°; [0] 36 2b bia (ORORE56; CHCl). In a similar manner, 
the crude sulfide (~)-34, [a] 3136 - 256° (¢ 0.534, CH,C1,), was obtained 
from (+)-81, The N.M.R, and Infrared spectra of these enantiomers 


were superimposible upon those for their racemate, 
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A 0,0656 g (0.31 mmole) quantity of (+)-34, [a] 36 + 266° (c 
0.656, CHCl), was oxidized with 0.104 g (1.25 mmole) 30% H,0, in 
3 ml. acetic acid in a manner similar to that for the racemic sulfides 
to provide 0.0843 g¢ (0.347 mmole, 112%) crude non-crystallized (+)-54, 
[a] 136 + 152° (e ca. 0.756, CHCL,, based on 100% yield). The crude 
sulfone was crystallized from benzene-Skellysolve B solvent mixture 
to yield 0.072 g (0,296 mnole, 95.5%) (+)-5lbs (a 336 + 149° (c 
OV725 cHCl,), The enantiomeric purity of this material was determined 
to be 86,0 + 1,0% using the technique described earlier for the 
enantiomeric purity estimations involving active sulfones derived 
from the Sommelet rearrangements, Several recrystallizations of (+)-54 
from hot benzene cooled to room temperature failed to raise the 
rotation beyond Obey +wIpSeeero 218 CHCL,)« 
purity estimation, the absolute rotation of the sulfone is calculated 
to be hier Web 

In a similar preparation, 0.0534 g (0.253 mmole) (-)-34, 
(03136 - 256° (¢ 0,534, CH,C1,), was oxidized with 0,116 g (1.01 
mmole) 30% H,0, in 3 ml, acetic acid at 100° for three hours, After 
workup, 0,055 g (0,266 mmole, 89,3%) crude non-crystallized (-)-54, 
[a] 1136 ise Cen0r5 54 CHC1,), was obtained, The enantiomeric purity 
of this crude sulfone was determined to be 94,1 + 0.3% using the 
techniques described earlier, The sulfone was crystallized from 
an N.M,.R. solution containing the shift reagent upon the addition 
of excess Skellysolve B to yield 0.0474 g (-)-54: map. 165 - 166°} 


her - 163° (c O47, CHC1,). Based on the enantiomeric purity 


Based on the enantiomeric 
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estimation and assuming there to be no fractionation during the 
erystallization process, the absolute rotation of the sulfone 54 

; : R’ fe) 
is again determined to be (Al 36 173» The spectral properties of 


these sulfones were identical with those for their racemate, 


Attempted Preparation of a-(2-Methyl-5-chlorophenyl )ethyl Brosylate 


A 0.0825 g (0.484 mmole) quantity of 60 and 0.130 g (0.530 
mmole ) p-bromobenzenesulfonyl chloride were dissolved in 0.46 ml. 
pyridine and the solution let stand at - 10° for 48 hours. Following 
the workup procedure as described for the preparation of 81, the 
material that was obtained was exclusively a-(2-methyl-5-chlorophenyl)- 
ethyl chloride (82): NMR, (CDG1,), Sess shay, yr5%Cs. SH). 
Seo0 NC UM=e7, Ofepsyelh) Mee ise" Ge MIN 1e65 FC, “a= #7 F0"cps}* 1h). 
No pyridinium hydrochloride precipitated from the pyridine solution, 
In a repetition of this experiment with a seed of pyridinium 


hydrochloride added, no crystal growth was observed, 


a-(2-Methyl-5-chlorophenyl)ethyl Hydrogen Phthalate (83) 


The alcohol 60 (2.02 g, 11.9 mmole) and 1.75 g (11.8 mmole) 
phthalic anhydride were heated in 20 ml. pyridine on a steam bath 
for 90 minutes, The reaction mixture was cooled, diluted with 25 ml. 
acetone, neutralized with cold concentrated HCl and water added to 
the resulting solution to precipitate an oil which solidified 
on cooling at - TOm The precipitate was isolated, dried and 
recrystallized from chloroform-Skellysolve B solvent mixture to yield 
2,54 2 (7.96 mmole, 66.4%) 83: mp. 121 - 123°; NMR. (CDC1,), 
Su06 (Aneel) Or ll eer 714 eye SH) yl (sys cH) POeos (dy Ld = 7700 


cps, 1H), 2.39 (s, 3H), 1.62 (d, J = 7.0 cps, 3H); Infrared (nujol), 


172 


AG nicht | 
Wo eatrreiom) aie as »S 
otausaes beds BE save ¢ 


ogalysces 7 ustal & sed a 202 
Of¢.0) = 0ES,0 Snax’ Go Io EES re ae 
fy 09,0-8b bevioosls em cbitubde ynetaionsenadomvedeg (efamt 

antvolic® vated Bi got “Os + Jo Bate Gel ABeIeRew etd Aes eakhiagy - 
ot .JA to nolbfeseqyty sf? SOT Sad tapeeb as exlbecong, qoliow eg - 
-(feneiao ww Dis-2- Lytton jen Uevtenions ae Bentedde wow teat ietetan 

(GIS ye) Bey UL v2) SAB) ch AOD) SB ED ebtsoide fgtiter a 

HL cage ON & ~b-e6, (CAL ce) Ge peal gage OT = © wh DER 

olwise saiviryg ptt wort dered igtiasg ebhinitioohyt euntaney al 5 

aviniblays Go bags « iw -Gaentsagae etd? to ovistteger ant - 
Lievaoad® 2s fwory fetayte eo qiebhs ebiuidooziyd — 

- oe 

(£8) apeladed nopomiys ice dis anata 

(atown #)5£)-q Biel fine (elles Cold) ay 80,5} 08 fovonte aff! 5 : 
jad sede a 1 suthinxy ote 03° atdedeen. eee sbitingrina otLanéda - 
[025 doty bednl ih ,boloos sav wawixta tnidosos of? “actuate Oak i 
ot hebte ievew fms 10 Getwcineones Aide ahh heettaciven’ «aa seen: 
betithtioe doidy (io es sionigtosmg ed noleides pansion alt” 
bie beth ,edelost nex hada COS = te aAlinaSe os 


cggomay iAH APES. — ERE oie woe 
0.9 = yo) Ke.d. (mR pa) Chey e hes 


(Cokin) besartnx «Kae, yeh, et = Ry 


3000 (broad), 1735 (s), 1675 (s), 1595 (s), 1575 (s), 1375 (s), 900 
(w), 890°(s); 850°(w), 750 (m) on72, 


Resolution of a~(2-Methyl-5-chlorophenyl )ethyl Hydrogen Phthalate 
((+)-83) 

Resolution was accomplished by the fractional crystallization 
of the salt prepared from 1.35 g (4.24 mmole) (+)-83 and 0,514 g 
(4,25 mmole) (~)-78 from methanol-ether solvent mixture. The less 
soluble diastereoisomer, 0,817 g, mp. 159 - 161° | [a] 365 Pak, (ee 
(c 1,01, methanol), was recrystallized twice to give 0.548 g material, 
[a] 565 + 150° Cc Ont (235 methanol), The less soluble diastereoisomer 
was decomposed in methanol by the addition of dilute sulfuric acid 
to yield after the usual workup as described for the isolation of 77 
Oy335.a?(— 2834 ilo] 136 097.22, 0 300! CHC1,). Fron the decomposition 
of the more soluble diastereoisomer isolated from the evaporation 
residue of the original mother liquor was obtained 0.567 g of semi- 
solid (+)-83, The optical purity of this material was increased 
by resolution with (+)-78 as the less soluble diastereoisomer, 
[a] 365 - 136° (c 1,39, methanol), Decomposition of this isomer 
yielded (+)-83: [a] ae 437860 (orle26, CHCL,), Further characteri- 


zation of these hydrogen phthalates was not done, 
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a-(2-iethy1-5-chlorophenyl)ethanethiol ((+)-84) 

A 5.0 g quantity (0.0214 mole) of 61 was added to 50 ml. of a 
1.3 N potasium hydroxide solution saturated with hydrogen sulfide, 
This solution was stirred for 90 minutes at room temperature, diluted 
with water and the resulting mixture extracted with ether several 
times, The ether extracts were washed with water, dried over 
magnesium sulfate and concentrated, The residue was distilled under 
reduced pressure to yield 2.56 g (0.0137 mole, 64%) (+)-84: D.p. 
105 ~ 107° (6 mn); ne = 1.5736; N.MR. (CDC1,), LSI. TH) 
$e 07s(mye2H), 1233 (pentet, J = 6.0 cps, 1H), 2.34 (s, 3H), 1.87 (d, 
J = 6.0 cps, 1H), 1.64 (d, J = 7.0 cps, 3H); Infrared (neat), 2975 
(m), 2550 (w), 1595 (m), 1490 (s), 1450 (m), 810 (s) ont, 

Anal. Calcd, for CoH, C18: OGY CASON Msi yey eHle Ins ele yr 
em Gal ee NOUN te y 897 Ow DO os Bie, O00 Oy OIE Ls WlOe Sr alOwnes 


SyalorelyalG. 72; 


a-(2-Methy1~5-chlorophenyl ethyl Hydrogen Thiolphthalate ((+)-85) 
The thiol (+)-84 (2.29 g, 12.2 mmole) and 1.83 g (12.3 mmole) 
phthalic anhydride were dissolved in 20 ml. dry pyridine and the 
solution heated on a steam bath for one hour, The reaction mixture 
was cooled, neutralized with cold dilute HCl and the resulting 
mixture extracted with ehher. The ether extracts were dried and 
concentrated to yield a residue containing a ye mixture of thiol- 
phthalate to thiol, An ether solution of the residue was washed 
several times with 5% sodium bicarbonate solution, The bicarbonate 
layers were neutralized with dilute HCl and extracted with ether 
several times, The ether extracts were dried over magnesium sulfate 


and concentrated, The solid residue was titurated in 10 ml. CHUL, 
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and the mixture filtered to remove phthalic acid, The evaporation 
residue from the mother liquor was crystallized from benzene-Skelly- 
solve B solvent mixture to yield 0.809 g (2.42 mmole, 19.8%) (+)-85: 
myps 1104 112°; NMR. (cDc13), 8 12-40n(s p57 8211(=.75020(m) 7H), 
5.11 (q, J = 7.0 cps, 1H), 2.40 (s, 3H), 1.76 (4, J = 7.0 cps, 3H); 
Infrared (CHCl), 3000 (broad), 1700 (s), 1670 (s), 1290 (s), 


pe00e( a) 9am (GdmcnERt 


Attempted Resolution of a~-(2-lethy1-5~chlorophenyl)ethyl Hydrogen 
Thiolphthalate 

The attempted resolution of 0.689 g (2.06 mmole) (+)-85 with 
0.258 g (2.13 mmole) (-)-78 gave as the first set of crystals from 
acetone-ether solvent mixture 0.274 g material: mp. 139 e% N.M.R. 
(acetone-d,), 519975 Csy72H)\ 96723 =67.04 (m7O10H) $25,260 broadyadH), 
1.54 (d, 3H); Infrared (nujol), 3250 (s), 3000 (broad), 1690 (s), 1635 
(8) ,915302(s,) , 41290" (fs) on7+, This material was void of the 
necessary a-arylethylthiol functionality and was likely (-)-a-phenyl- 
ethyl hydrogen phthalamide (reported mp. 133° (99)). The evaporation 
residue of the mother liquor smelled of a sulfur derivative. Its 
N.M.R. spectrum showed only three singlets at 0 ib 7yo eee andel.23 
in the integration ratio 2:3:6 respectively with a complete absence 
of the necessary aromatic protons of the system. Similar decomposition 


occured when the resolution was attempted with brucine. 
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(-)-Menthyl Chloroformate (86) 


To an ice-cold phosgene solution, prepared by condensing 88 g 
(0,90 mole) phosgene in 160 ml. cold benzene, a solution of 70 g 
(0.45 mole) (-)-menthol in 110 ml. benzene and 37 ml. (0.46 mole) 
pyridine was slowly added over a period of two hours, After the 
addition, the solution was stirred an additional one hour then 
warmed to room temperature overnight while bubbling the excess 
phosgene through a 10% sodium hydroxide solution. The solution was 
poured onto 200 g ice and the mixture acidified with dilute sulfuric 
acid, The separated organic layer was washed with 5% sodium bicarbonate 
solution, water, dried over magnesium sulfate and concentrated. The 
residue was fractionally distilled under reduced pressure to yield 
4O g 86: bape 79 - 80° (2 mn); 93 - 94° (6 mn); i = 1.4592 (reported 
ovary: 96° (5 mm) i 1.4712 (85))3 [0] 136 by78 0% (c 1.20, benzene) $s 


NoM sey (CDE Sons =. 72 (a, 4H); e400. GONG OH) 0.92 


3) 
(dy 6H); 0.81 (a, 3H); Infrared (CHC1 


945 (s), 835 (s), 690 (m) om. 


3) Ll) (s); 1460 (m), 1160 (s), 


O-Menthyl a-(2-Methyl-5-chlorophenyl)ethyl Thiolcarbonate (87) 


A 5.55 g (0.0298 mole) quantity of (+)-84 was slowly added to 
a suspension of 1.27 g (0.0322 mole) 57% NaH in 50 ml. ether. After 
hydrogen evolution had ceased, this solution was slowly added to a 
stirred solution of 7.53 g (0.0302 mole) 86 in 50 ml. ether. After 
one hour stirring at room temperature, the reaction mixture was filtered 
by gravity and the precipitate washed with ether several times. The 
mother liquor was concentrated and the traces of solvent removed under 


RT fe) 
reduced pressure to yield the oily 87: [a] 366 - 147° (c 1.0, benzene); 
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N.M.R, (CDC1,), 6 7.37 (s,; 1H), 7.10 (m, 2H), 4.82 (broad, 1H), 4.75 
(qs 75 CDS, 1H), tho (s, BH); 1,67 (d, B.S h(a ene, BH), 1.00 - 


0.65 (m, 9H), 1.26 (s, impurity); Infrared (CHC1 1760 (m), 1680 


)s 
3 
(s), 1600 (w), 1170 (s), 1150 (s) gee 


Resolution of O-Menthyl a-(2-Methyl-5-chlorophenyl)ethyl Thiolcarbonate 
The partial resolution of 87 was accomplished by the column 
chromatography of 5 g quantities on 88 g Alumina oxide (Woelm neutral, 
activity one), While collecting 50 ml. fractions, 700 ml, Skellysolve 
B was eluted through the column, The first fraction contained the oil 

impurity from the sodium hydride (zero rotation), Subsequent 


fractions contained the faster-eluting thiolcarbonate with rotations 


R 
3 


Eluting with 700 ml. benzene removed materials of specific rotations 


decreasing from [a] se e7ato mele (c 0.3 - 1.0, benzene), 

[a] 565 - 143 to - 50.8° (c 0.3 - 1.0, benzene), Finally, the colum 
was flushed with 500 ml. ether to give the slower-eluting thiolcarbon- 
ate of rotation (a) 36. - esi (c 1.34, benzene). 

Combining the middle fractions from several resolutions and 
rechromatographing the material as just described increased the 
quantities of the faster and slower-eluting fractions. The faster-~ 
eluting fraction, ca, 4 g, was rechromatographed on 70 g alumina with 
Skellysolve B to obtain 200 to 500 mg quantities of material with 
rotations ranging from [a] 566 -| 201 tone 2250 (c 1, benzene) from 
successive 50 ml, fractions, The benzene and ether fractions had 
rotations of [0] 365 = 60 and. = 98° (c 1, benzene) respectively. 
Similarly, the slower-eluting fraction, ca. 4 g, was rechromatographed 


of 80 g alumina oxide with 1500 ml. Skellysolve B to give material 


with rotations from [a] 56. = 16leto etl e (c 0.5, benzene), luting 
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with 300 ml. 1:10 benzene~Skellysolve B solvent mixture gave material 
with rotations of [a] 565 = 6687 bOn—2329 (c 0.5, benzene), Flushing 
the column with benzene then ether gave thiolcarbonate of rotations 
[ol 365 + 21.8 and + igeee (c 1, benzene) respectively. 

The faster and slower-eluting thiolcarbonates had identical N.M.R. 
and Infrared spectra and were superimposible with those of their 
diastereoisomeric mixture excepting the absorption at 61.26 in the 
N.M.R. spectrum and a weak absorption at 1760 cm7* in the Infrared 


spectrun, 


(+) and (~)-a-(2-Methyl-5-—chlorophenyl )ethanethiol ((+) and (-)-84) 


A 0,222 g (0.60 mmole) quantity of the faster-eluting 87, 
RT 
365 
sodium methoxide (2.50 mmole) and the solution heated at reflux 


[a] easy (c 2.22, benzene) was dissolved in 5 ml. of 0.5 N 

for 90 minutes, cooled and poured into dilute sodium hydroxide, 

The resulting mixture was extracted with ether several times. The 
combined ether extracts were washed again with dilute base and the 
basic extracts acidified with HCl. The acidified layer was extracted 
with ether several times and the latter ether extracts washed with 
water, dried over magnesium sulfate and concentrated to yield 0.070 g 
(0.375 mmole, 63%) (~)-84: [al 565 - 61,7° (¢ 047 CHCL,). Concentration 
of the original ether extracts gave menthol. 

Similarly, the (+)-84, [a] 566 + 47.7° (c 0.65, CHCL,), was 
recovered in 54% yield from the methanolysis of 0,236 g (0.64 mmole) 
of the slower-eluting 87, [a] 36.5 Pepe ety Pe (c 2.36, benzene), in 5 ml. 
of 0,5 N sodium methoxide. The N.M.R. spectrum of each isomer was 


superimposible upon that of their racemate. 
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(+)-a-(2-Methy1-5-chlorophenyl)ethyl 3,5-Dinitrothiolbenzoate ((+)-88) 
The thiol 84 (0.76 g, 4,08 mmole) and 0.966 g (4.10 mmole) 

3,5-dinitrobenzoyl chloride were dissolved in 2 ml. pyridine and the 

solution heated on a steam bath for one hour, After cooling, the 

reaction solution was diluted with water and the resulting mixture 

extracted with chloroform. The chloroform extracts were dried 

over magnesium sulfate and concentrated. The residue was crystallized 

from chloroform-Skellysolve B to yield 0.784 g material, mp. 135 - 

137°, This was recrystallized from chloroform-Skellysolve B 

solvent mixture, rejecting the first crop of material, to yield 

(+)-88: mp. 138°3 NMR, (CDC1,), 8 9.15 (m, 3H), 7.39 (s, 14), 

Ue LGn pec ye57 COR aye UP=0770 jopsy 1H) NR 2E4Sa(s OOH) eee 78) (d7ea = 

7.0 cps, 3H); Infrared (CHC1,), 1660 (s), 1620 (m), 1540 (s), 1340 (s), 


Ts00Bn )'a970, Gh) Sony. 


(-)-a-(2-Methyl-5-chlorophenyl )ethyl 3,5-Dinitrothiolbenzoate ((-)-88) 


In an experiment similar to that for the preparation of (+)-88, 
ae 
365 
crude 3,5-dinitrothiolbenzoate, Crystallization of the crude from 


Oro 70lan Olea, 2 ea sOly mc ON7; CHC1,), was converted to its 


chloroform-Skellysolve B solvent mixture gave 0.0865 g (~)-88, 


RT 
[36 


material from chloroform-Skellysolve B solvent mixture gave 0.0559 g 


062 )8iacl0,865, CHCL,). Fractional crystallization of this 


(-)-88, (aly 6 ao hsG? (ON0..56; CHC1,). The evaporation residue of 
the nether liquor, Chey = 162° (c 0,246, CHC1,), was recrystallized 
from benzene-Skellysolve B solvent mixture to give 10.4 mg material, 
[0] 1,36 _ 85.6" (c 0.104, CHCL,) and an evaporation residue with a 
rotation of (oli 36 - 232° (c cae OL, CHCl). The Infrared spectrum 


of this latter residue was superimposible upon that for racemic 88, 
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(+)-a~(2-Methy1-5-chlorophenyl ethyl ~Nitrothiolbenzoate ((£)-89) 


In an experiment similar to that for the preparation 
of (+)-88, 0.158 g (0.85 mmole) (+)-84 was treated with 0,160 g 
p-nitrobenzoyl chloride in 2 ml. pyridine for one hour at 100° to 
yield after workup and crystallization from benzene-Skellysolve B 
solvent mixture 0,222 g (0,66 mmole, 78%) (£)-89: mp. 124 - 125°, 
N.MR, (cDc13), O8orcs (Gy Je=Si5icps, 2Hyeeee Cla dyege—sor Suche; 
2H a7 «0 Za 1H) a e080 (mech) 775.13) (q, blake Oecps yall) ee 2ql0 


(s, 3H), 1.73 (d, J = 7.0 cps, 3H); Infrared (CHCl 1660 (s), 


)s 
3 
1605 (s), 1520 (s), 1485 (s), 1350 (s), 920 (s), 865 (s), 845 (s) om". 


(+)-a-(2-Methy1-5-chlorophenyl )ethyl p-Nitrothiolbenzoate ((+)-89) 


In an experiment similar to that for the preparation of (+)-89, 


RT 
365 


p-nitrothiolbenzoate, [a] 136 3 OF Ole(c. ORO) CHCL,), Reorystallization 


(+)-84, [a] + 17 ,7° (OnOWe 75 CHCl), was converted to its (+)- 
of this material from benzene-Skellysolve B solvent mixture gave 


RT 0 
(+)-89, (o] 36 + 17.5 KG 0563; cHC1,). 


(-)-Methyl a-(2-Methyl-5-chlorophenyl)ethyl Sulfone ((-)-62) 

To 5 ml. of a 0,5 N sodium methoxide solution containing 0.315 g 
(1,69 mmole) (~)-84, [a] 136 - 51.5° (¢ 3.15, CHCL,), obtained fron 
the faster-eluting thiolcarbonate, was added 0.376 g (2.66 mmole) 
methyl iodide. After being stirred for one hour, the reaction mixture 
was poured into 5 ml. 10% sodium hydroxide solution and the resulting 
mixture extracted with ether several times. The ether extracts were 
washed with water, dried over magnesium sulfate and concentrated to 


yield 0.307 g (1.53 mmole, 90.8%) crude (-)-41, [a] oe erate 
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[al 565 - 122° (c 3.07, benzene). ‘The N.M.R. spectrum of this sulfide 
was superimposible upon that of its racemate,. 

The crude sulfide was treated with 0.407 g (3.47 mmole) 30% 
H,0, an 5 ml. acetic acid for three hours on a steam bath to yield 
after a workup similar to that described for the isolation of the 
racemic sulfone 0.346 g (1.49 mmole, 97.4%) crude non-crystallized 
(-)-62, [a] 46, 


of the crude from chloroform—Skellysolve B solvent mixture gave 


Figwiok (685 216) CHCL,). Fractional crystallization 


(+)-62, mp. 143 - 144°. ‘The evaporation residue of the mother liquor 


was crystallized from chloroform-Skellysolve B solvent mixture to 


RT 
365 
= 3 oe ee G5 et 


yield 0,0187 g material, [a] 


RT 
365 oe 


mother liquor was twice recrystallized from benzene-Skellysolve B 


= OO nen epalcya CHCL,). The 
evaporation residue, [a] from the latter's 
solvent mixture to give 0,0678 g (-)-62; mp. 99 ~ 100°; [a] 56. 
See (c 0,60, benzene of chloroform), Further crystallizations 
failed to change the optical rotation of the sample. Its N.M.R. 

and Infrared spectra were superimposible upon those for the racemate, 
The optical purity of the sulfone was confirmed by observing only one 
enantiomer in the N.M.R. spectrum of the sulfone in the presence 


of the chiral shift reagent Bu(hfbe) 44 
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